This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at  http  :  //books  .  google  .  com/| 


t -^ 


f^-l 


:-*"*^ 


United  States 
congressional  serial  set 

United  States.  Government  Printing  Office 


USDuc  445 


HARVARD  COLLEGE 
LIBRARY 


GIFT  OF  THE 

GOVERNMENT 
OF  THE  UNITED  STATES 


Digitized  by  CjOOQIC 


Digitized  by  CjOOQIC 


Digitized  by  CjOOQIC 


59th  congress    :    :    1st  SESSION 

DECEMBER   4,   1905-JUNE   30,   1906 


HOUSE  DOCUMENTS 


WASHINGTON  :  :  GOVERNMENT  PRINTING  OFFICE  :  :  1906 

Digitized  by  VjOOQIC 


USDoc  445 


^OCoULGn/^ 


JAN  121907 


^<^> 


^Pf?FDGE,^^ 


^ . 


From  tlio   ^ 
U.  S.  GovonJirtr-rjt, 


Digitized  by  VjOOQ  IC 


CONTBNTS 


No. 

231.  Water-supply  paper  150;  weir  experiments,  coettlclents,  and  fonnulas. 

232.  same,  151 ;  field  assay  of  water. 

233.  same,  102 ;  review  of  laws  forbidding  i)ollution  of  inland  waters  in  U. 

551.  same,  153;  underflow  in  Arkansas  Valley  in  western  Kanwis. 

552.  same,  154 ;  geology,  etc.,  of  eastern  portion  of  Panhandle  of  Texas. 

553.  same,  155 ;  fluctuations  of  water  level  in  wells,  I>ong  Island,  N.  Y. 

554.  same,  156;  water  powers  of  northern  Wlsi-onsin. 

3 


Digitized  by  CjOOQIC 


Digitized  by  CjOOQIC 


59th  Congress,  )  HOUSE  OF  REPRESENTATIVES.  (  Document 
1st  Sendon.      \  (No.  231. 


Water-Sapply  and  Irrigation  Paper  No.  150  Series  M,  General  Hydrographic  InvestigatienSf  16 

DEPARTMENT  OF  THE  INTERIOR 

UNITED  STATES  GEOLOGICAL  SURVEY 

CHARLES  D.  WALCOTT,  Director 


WEIR  EXPERIMENTS,  COEFFICIENTS, 
AND  FORMULAS 


BY 


ROBKKT    K.   IIOKTON 


WASHINGTON 

GOVERNMENT     PRINTING     OFFICE 

1906 

Digitized  by  CjOOQIC 


Digitized  by  CjOOQIC 


CONTENTS  AND  ILLUSTRATIONS. 


PAge. 

Introduction 7 

Definitions  of  terms 7 

Notation 8 

Base  formulas 9 

Equivalent  coeflScients 9 

Approximate  relative  discharge  over  weirs 9 

References 10 

Theory  of  weir  measurements 10 

Development  of  the  weir 10 

Theorem  of  Torricelli 10 

Elementary  deduction  of  the  weir  formula 11 

Application  of  the  parabolic  law  of  velocity  to  weirs 12 

General  formula  for  weirs  and  orifices 12 

Vertical  contraction 13 

Velocity  of  approach 14 

Theoretical  formulas , 14 

Distribution  of  velocity  in  channel  of  approach 16 

Distribution  of  energy  in  channel  of  approach 17 

The  thin-edged  weir 20 

Earher  experiments  and  formulas 20 

Castel 20 

Poncelet  and  Lesbros 21 

Boileau 21 

East  Indian  engineers'  formula 22 

Experiments  and  formula  of  James  B.  Francis 23 

Experiments  and  formula  of  Fteley  and  Stearns 26 

Bazin's  experiments 29 

Bazin's  formulas  for  thin-edged  weirs 31 

Derived  formulas  for  thin-edged  rectangular  weirs 34 

Fteley  and  Stearns-Francis  fornmla 34 

Hamilton  Smith's  formula 34 

Smith-Francis  formula 37 

Parmley's  formula 37 

Extension  of  the  weir  formulas  to  higher  heads 39 

Comparison  of  weir  formulas 40 

Comparison  of  various  velocity  of  approach  corrections 40 

End  contractions — incomplete  contraction 44 

Compound  weir 46 

Triangular  weir 46 

General  fornmla 46 

Thomson's  experiments 46 

3 


Digitized  by  VjOOQIC 


4  CONTENTS. 

The  thin-edged  weir — Continue<i.  Pape. 

Trapezoi<ial  weir 47 

The  Cippoletti  tra{)ezoidal  weir 47 

CipiK)letti'H  formula 48 

Requirement8  and  accuracy  of  weir  gaging8 49 

Precautions  for  standani  weir  gaging 49 

Plank  and  beam  weirs  of  sensible  crest  width 52 

Reduction  of  the  inean  of  several  observations  of  hea<l 52 

Effect  of  error  in  determining  the  head  on  weirs 5;^ 

Error  of  the  mean  where  the  head  varies 54 

Weir  not  level 57 

Convexity  of  water  surface  in  leading  channel 58 

Results  of  experiments  on  various  forms  of  weir  cn)88  sections 59 

The  use  of  weirs  of  irregular  section 59 

Modifications  of  the  napi)e  fonn 60 

Experimental  data  for  weirs  of  irregular  cross  section 61 

Base  formula  for  discharge  over  weirs  of  irregular  cross  section 62 

Bazin's  experiments  cm  weirs  of  irregular  cross  section 6.'^ 

Bazin's  correction  for  velo(;ity  of  approach 63 

Recomputation  of  coefficients  in  Bazin's  exi)eriments 66 

Cornell  University  hydraulic  laboratory 85 

Ex|)eriments  of  Unit+nl  States  Board  of  Engineers  on  Deep  Waterways.  86 
Experiments  at  Cornell  University  hydraulic  laboratory  on  mcxlels  of 

old  Croton  dam 90 

Experiments  of  United  States  Geological  Survey  at  Cornell  University 

hydraulic  laboratory 95 

P^xperiments  on  model  of  Merrimac  River  dam  at  I^wrence,  Mass. ..  107 

Flow  over  weirs  with  broad  crests 110 

Theoretical  formula  of  Un win  and  Frizell 110 

Blackwell's  experiments  on  discharge  over  broad-crested  weirs 112 

East  Indian  engineers'  formula  for  broad-crest e<l  weirs 114 

Fteley  and  Stearns  exi:)eriments  on  broad- crested  weirs 116 

Bazin's  formula  an<l  experiments  on  broad-crested  weirs 117 

Experiments  of  the  United  States  (Geological  Survey  on  broad-crested 

weirs 119 

Table  of  discharge  over  broad-crested  weirs  with  stable  nappe 121 

Effect  of  rounding  upstream  crest  edge 122 

Experiments  on  weirs  with  downstream  slope  or  apron  of  varying  inclina- 
tion   124 

Triangular  weirs  with  vertical  upstream  face  and  sloping  aprons 124 

Triangular  weirs  with  upstream  batter  1:1  and  varying  slope  of  apron.  126 
Experiments  on  weirs  of  trapezoidal  section  with  upstream  slope  of 

i:l,  horizontal  crest,  and  varying  downstrt^am  slopes 127 

Combination  of  coefficients  for  weirs  with  compound  sloi)es 127 

Weirs  with  varying  slope  of  upstream  face 128 

Dams  of  ogee  cross  section,  Plattsburg-Chambly  tyi)e 130 

Experiments  on  discharge  over  actual  dams 131 

Blackstone  River  at  Albion,  Mass 132 

Muskingum  River,  Ohio 132 

Ottawa  River  dam,  Canada 132 

Austin,  Tex.,  dam 133 

Roughness  of  crest 133 

Falls 135 

Weir  curved  in  plan 136 


Digitized  by  VjOOQIC 


CONTENTS    AND    ILLUSTRATIONS.  5 

Page. 

Submerged  weira •. 137 

Theoretical  formula 137 

Fteley  and  Steams  submerged-weir  formula 138 

Clemens  HersohePs  formula 139 

The  Chanoine  and  Mary  formula 140 

R.  H.  Rhind*8  formula 141 

Bazin's  formulas 141 

Increase  of  head  by  submerged  weirs 1 142 

Rankine's  formulas 142 

Colonel  Dyas's  formula 143 

Submerged  weirs  of  irregular  section * 143 

Bazin's  experiments 143 

Data  concerning  East  Indian  weirs 144 

United  States  Deep  Waterways  experiments 146 

Weir  discharge  under  varying  head 146 

Prismatic  reservoir,  no  inflow 147 

Approximate  time  of  lowering  prismatic  or  nonprismatic  reservoir 147 

Reservoir  prismatic,  with  uniform  inflow 148 

General  formulas 148 

Formulas  for  time  of  rise  to  any  head  H,  prismatic  reservoir  with  uni- 
form inflow 149 

Nonprismatic  reservoir,  uniform  inflow 153 

Variable  inflow,  nonprismatic  re8er\'oir 154 

Tables  for  calculations  of  weir  discharge 156 

Table  1.  Head  due  to  various  velocities 157 

Table  2.  Percentage  increase  in  discharge  by  various  rate?  of  velocity  of 

approach 159 

Tables  3,  4.  Discharge  over  a  thin-edged  weir  by  the  Francis  formula 162 

Tables  5,  6.  Three-halves  powers 171 

Table  7.  Flow  over  broad-crest  weirs  with  stable  nappe 177 

Table  8.  Backwater  caused  by  a  dam  or  weir ^ 180 

Index 187 


Platb  I.  Bazin's  coefficients 32 

II.  Effect  of  errors  in  weir  experiments 54 

m.  Modifications  of  nappe  form 60 

IV-XII.  Bazin's  experiments 66 

Xni,  XIV.  Cornell  hydraulic  laboratory  experiments 86 

X V-X  VIII.  United  States  Deep  Waterways  experiments 90 

XIX-XXII.  Croton  dam  experiments 94 

XXni-XXXII.  United  States  Geological  Survey  experiments 106 

XXXIII.  Merrimac  River  dam  experiments 108 

XXXIV-XXXV.  Cross  sections  of  ogee  dams 130 

XXXVI.  Coefficient  diagram  for  ogee  dams 130 

XXXVII.  Experiments  on  actual  dams 132 

XXXVIII.  Diagram  of  variable  discharge 150 

Fig.  1.  Torricellian  theorem  applied  to  a  weir 11 

2.  Rectangular  orifice 12 

3.  Distribution  of  velocities 16 

4.  Triangular  weir 46 

6.  Trapezoidal  weir 47 


Digitized  by  VjOOQIC 


b  ILLUSTRATIONS. 

I*aga 

Fig.  6.  Sections  of  the  Francis  weir 51 

7.  Inclined  weir 57 

8.  Broad-crested  weir • 110 

9.  CoeflBcient  curve  for  triangular  weirs 125 

10.  Fall 135 

11.  Weir  curved  or  angular  in  plan 136 

12.  Submerged  weir 137 

13.  East  Indian  weir  section 145 

14.  East  Indian  weir  section 145 

15.  CJoncave  backwater  surface 180 

16.  Ck)nvex  backwater  surface 181 


Digitized  by  CjOOQIC 


WEIR  EXPERIMENTS,  COEFFICIENTS,  AND 
FORMULAS. 


By  Robert  E.  IIorton. 


INTRODUC^TION. 

DEFINITIONS  OF  TERMS. 

The  word  '*weir"  will  be  used  to  describe  any  structure  used  to 
determine  the  volume  of  flow  of  water  from  measurements  of  its 
depth  on  a  crest  or  sill  of  known  length  and  form.  In  this  general 
sense  timber  and  masonry  dams  having  various  shapes  of  section, 
reservoir  overflows,  and  the  like  may  be  weirs.  Terms,  more  or  less 
synonymous,  used  to  describe  such  weirs  are  '^comb,"  ''wasteway," 
"spillway,"  "'overwash,"  "roUway,"  and  '^ overfall." 

The  French  term  '^  nappe,"  suggesting  the  curved  surface  of  a  cloth 
hanging  over  the  edge  of  a  table^  has  been  fittingly  used  to  designate 
the  overfalling  sheet  of  water. 

The  expression  ''wetted  underneath"  has  been  used  to  describe  the 
condition  of  the  nappe  designated  by  Bazin  as  ''noy^es  en  dessous," 
signifying  that  the  water  level  between  the  nappe  and  the  toe  of  the 
weir  is  raised  by  vacuum  above  the  general  water  level  below  the 
weir. 

"Thin-edged  weir" and  ''sharp-crested  weir"  are  used  to  designate 
a  weir  in  which  the  nappe,  or  overfalling  sheet,  touches  only  the 
smooth,  sharp  upstream  corner  or  edge  of  the  crest,  the  thickness  of 
which  is  probably  immaterial  so  long  as  this  condition  is  fulfilled. 

A  "suppressed  weir"  has  a  channel  of  approach  whose  width  is  the 
length  of  the  weir  crest. 

A  "contracted  weir"  has  a  crest  length  that  is  less  than  the  width 
of  the  channel  of  approach. 

The  term  "channel  of  approach,"  or  "leading  channel,"  defines  the 
body  of  water  immediately  upstream  from  the  weir,  in  which  is 
located  the  gage  by  which  the  depth  of  overflow  is  measured. 

"Section  of  approach"  may  refer  to  the  cross  section  of  the  leading 
channel,  if  the  depth  and  width  of  the  leading  channel  are  uniform; 
otherwise  it  will,  in  general,  apply  to  the  cross  section  of  the  channel 
of  approach  in  which  the  gage  is  located. 
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'^  Weir  section*'  rofern  to  the  cross  section  of  the  overflowing  sti*eam 
in  the  plane  of  the  weir  crest. 

''Crest  contniction"  refers  to  the  diminished  cross  section  of  the 
overflowing  stream  resulting  from  the  upward  curvature  of  the  lower 
water  filaments  in  passing  the  crest  edge.  It  does  not  include  the 
downward  curvature  of  the  water  surface  near  the  weir  crest. 

The  '* vertical  contraction  of  the  nappe*'  includes  both  the  crest 
contrat^tion  and  the  surfa<*e  contraction. 

''Incx)mplete  contraction'*  may  take  place  either  at  the  crest  or  at 
the  ends  of  a  weir,  and  will  occur  when  the  bottom  or  side  walls  of 
the  channel  of  approach  are  so  near  the  weir  as  to  prevent  the  com- 
plete curvature  of  the  water  filaments  as  they  pass  the  contracting 
edge. 

Dimensions  are  uniformly  expressed  in  feet  and  decimals,  velocities 
in  feet  per  second,  and  quantities  of  flow^  in  cubic  feet  per  second, 
unless  otherwise  stated  in  the  text. 

In  the  preparation  of  this  paper  much  computation  has  been  involved 
and  it  is  expected  that  errors  will  appear,  which,  if  attention  is  called 
to  them,  may  be  corrected  in  the  future.  Information  concerning 
such  errors  will  be  gratefully  received. 

NOTATION. 

The  symbols  given  below  are  used  in  the  values  indicated.  The 
meaning  of  additional  symbols  as  used  and  special  uses  of  those  that 
follow  are  given  in  the  text: 

/)=Meaflured  or  actual  depth  on  the  crest  of  weir,  usually  d<;termine<l  &»  the  differ- 
ence of  elevation  of  the  weir  crest  and  tlie  water  level,  taken  at  a  point 
sufficiently  far  upstream  from  the  weir  to  avoid  the  surface  curve. 

H=The  head  corret'ted  for  the  effei-t  of  velocity  of  approach,  or  the  observed  head 
where  there  is  no  velocity  of  approach.  As  will  be  explained,  D  is  applied 
in  formulas  like  Bazin*8,  in  which  the  correction  for  velocity  of  approach  is 
included  in  the  coeflScient.  //is  api)lied  in  formulas  where  it  is  eliminated. 
v=Mean  velocity  of  approach  in  the  leading  channel,  usually  taken  in  a  cross  sec- 
tion opposite  which  I)  is  determined. 

r' 
A = Velocity  head=a^  • 

^= Acceleration  by  gravity.     Value  here  used  32.16. 
P=  Height  of  weir  crest  above  bottom  of  channel  of  approach,  where  channel  is 

rectangular. 
Tf=  Width  of  channel  of  approach  where  D  is  measurecl. 
-4= Area  of  cross  section  of  channel  of  approach. 

G=Area  of  channel  settion  where  I)  is  measured,  per  unit  length  of  crest. 
a=Area  of  weir  section  of  di8charge=/>  L. 
X=Actual  length  of  weir  crest  for  a  suppressed  weir,  or  length  corrected  for  end 

contractions,  if  any. 
//= Actual  length  of  crest  of  a  weir  with  end  contractions. 
iV=  Number  of  complete  end  contractions. 
-^= Breadth  of  crest  of  a  broad-creste<l  weir. 
/S»= Batter  or  slope  of  crest,  feet  horizontal  to  one  vertical. 


Digitized  by  CjOOQIC 


INTRODUCTION.  9 

d= Depth  of  crest  submergence  in  a  drowned  or  submerged  weir. 
^= Volume  of  discharge  per  unit  of  time. 
C,  JT,  m,  /<,  a,/,  etc.,  empirical  coefficients. 

BASE  FORMULAS. 

The  following  formulas  have  been  adopted  by  the  engineers  named: 

Q=i^  MLII^l'lgll.  Hamilton  Smith  (theoretical). 

—  }iLIl'\^lgIL  Bazin,  with  no  velocity  of  approach. 

=mLD4^2,gI).  Bazin,  with  velocity  of  approach. 

=  CLH^.  Francis  *  (used  here). 

=  CLII^+fL.  Fteley  and  Steams. 

EQUIVALENT   COEFFICIENTS. 

The  1-elations  between  the  several  coefficients,  so  far  as  they  can  be 
given  here,  are  as  follows: 

J/~  is  a  direct  measure  of  the  relation  of  the  actual  to  the  theoret- 
ical weir  discharge. 

APPROXIMATE  RELATIVE  DISCHARGE  OVER  WEIRS. 

For  a  thin-edged  weir,  the  coefficient  C  in  the  Francis  formula  is 
3.33=-o-.  Let  C  be  the  coefficient  for  any  other  weir,  and  x  the 
relative  discharge  as  compared  with  the  thin-edged  weir,  then 

f:..-::l:« 

'=1? "> 

a;j=100  x=SO  C. 

a  The  coefficient  C  of  Francis  includes  all  the  constant  or  empirical  factors  appearinK  in  the 
fonnnla.  which  is  thus  thrown  into  the  simplest  form  for  computation. 


or,  as  a  percentage, 
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This  expression  will  be  found  convenient  in  comparing  the  effect  on 
discharge  of  various  modifications  of  the  weir  cross  section.  For  a 
broad-crested  weir  with  stable  nappe,  6\=2.64,  see  p.  121.  The  dis- 
charge over  such  a  weir  is  thus  seen  to  be  79.2  per  cent  of  that  for  a 
thin-edged  weir  by  the  Francis  formula. 
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THEORY  OF  WEIR  MEASUREMENTS. 

DEVELOPMENT   OF   THE   WEIR. 

The  weir  as  applied  to  stream  gaging  is  a  special  adaptation  of  mill 
dam,  to  whicii  the  term  weir,  meaning  a  hindrance  or  obstruction,  has 
been  applied  from  early  times.  The  knowledge  of  a  definite  relation 
between  the  length  and  depth  of  ovei*flow  and  the  quantity  also  proba- 
bly antedates  considembly  the  scientific  determination  of  the  relation 
between  these  elements. 

In  theory  a  weir  or  notch ^  is  closely  related  to  the  orifice;  in  fact, 
an  orifice  becomes  a  notch  when  the  water  level  falls  below  its  upper 
boundary. 

THEOREM    OF   TORRICELLI. 

The  theorem  of  Torricelli,  enunciated  in  his  De  Motu  Gravium 
Naturaliter  Accelerato,  1648,  states  that  the  velocity  of  a  fluid  passing 
through  an  orifice  in  the  side  of  a  reservoir  is  the  same  as  that  which 
would  he  acquired  hy  a  heavy  hody  falling  freely  through  the  vertical 

a  Commonly  applied  to  a  deep,  narrow  weir. 
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THEORY    OF    WEIR   MEASUREMENTS.  11 

hi^lght  mecmcred  from  the  surface  (f  the  JJitid  in  the  remrrolr  to  the 
ct-Jiter  of  the  orifice. 

This  theorem  forms  the  basis  of  hydrokinetics  and  renders  the  weir 
and  orifice  applicable  to  stream  measurement.  The  truth  of  this  prop- 
osition was  confirmed  by  the  experiments  of  Mariotte,  published  in 
1685.  It  can  also  be  demonstmted  from  the  laws  of  dynamics  and  the 
principles  of  energy.^ 

ELEMENTARY  DEDUCTION  OF  THE  WEIR  FORMULA. 

In  deducing  a  theoretical  expression  for  flow  over  a  weir  it  is 
assumed  that  each  filament  or  horizontal  lamina  of  the  nappe  is  actu- 
ated by  gravity  acting  through  the  head  above  it  as  if  it  were  flowing 
through  an  independent  orifice.  In  fig.  1  the  head  on  the  successive 
orifices  being  //,,  //,,  ^,  etc.,  and  their  respective  areas  ^l^,  ^i^,  ^Ij, 
etc.,  the  total  discharge  would  be 


Fio.  1. — Torricellian  theorem  applied  to  a  weir.  , 

If  the  small  orifices  A  be  considered  as  successive  increments  of  head 
/T,  the  weir  formula  may  be  derived  by  the  summation  of  the  quantities 
in  pmrentheses.     77" comprises  n  elementary  strips,  the  breadth  of  each 

is  — .     The  heads  on  successive  strips  are      ,        ,  etc.,  and  the  total 

becomes 

where =  J+^i,  etc.,  for  a  rectangular  weir.     The  sum  of  the 

series  Vl+V'^+V3+  to  4'fi^-^  rr . 
Hence  the  discharge  is 

^    Lii  1^  In  2  J 
«=   ,,  V2r/V:-3^• 
=|z//V2r7//. 

The  above  summation  is  more  readily  accomplished  by  calculus. 

a  See  Wood,  Elementary  Mechanics,  p.  167,  also  p.  291. 
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WEIR   EXPERIMENTS,   COEFFICIENTS,   AND    FORMULAS. 


APPLICATION  OF  THE   PARABOLIC   LAW  OF  VELOCITY   TO  WEIRS. 

The  following  elementary  demonstration  clearly  illustrates  the  eliar- 
acter  of  the  weir: 

According  to  Torricelli's  theorem  (see  fig.  1),  the  velocity  (??)  of  a 
filament  at  any  depth  (x)  below  surface  will  be  v—^l'lgx.  This  is  the 
equation  of  a  parabola  having  its  axis  (>X  vertical  and  its  origin  () 
at  water  surface.  Replacing  the  series  of  jets  by  a  weir  with  crest  at 
X,  the  mean  velocity  of  all  the  filaments  will  be  the  average  ordinate 
of  the  parabola  OPQ.  The  average  ordinate  is  the  area  divided  by 
the  height,  but  the  area  of  a  [)arabola  is  two-thirds  that  of  the  circum- 
scribed rectangle;  hence  the  mean  velocity  of  flow  through  the  weir 
is  two-thirds  the  velocity  at  the  crest,  i.  e.,  two-thirds  the  velocity 
due  to  the  total  head  ^on  the  crest.  The  discharge  for  unit  length 
of  crest  is  the  head  ZT,  or  area  of  opening  per  unit  length,  multiplied 
by  the  mean  velocity.  This  quantity  also  represents  the  area  of  the 
parabolic  velocity  curve  OPQX,  The  mean  velocity  of  flow  in  the 
nappe  occurs,  theoretically,  at  two-thirds  the  depth  on  the  crest. 

The  modification  of  the  theoretical  discharge  by  velocity  of  approach, 
the  surface  curve,  the  vertical  contraction  at  the  crest,  and  the  various 
forms  that  the  nappe  may  assume  under  different  conditions  of  aera- 
tion, form  of  weir  section,  and  head  control  the  practical  utility  of  the 
weir  as  a  device  for  gaging  streams. 

GENERAL  FORMULA  FOR  WEIRS  AND  ORIFICES.a 

Consider  first  a  rectangular  opening  in  the  side  of  a  retaining  vessel. 
The  velocity  of  flow  through  an  elementary  layer  whose  area  is  Ldy 
will  be  from  Torricelli's  theorem: 


Fig.  2.— Rectangular  orifice. 

The  discharge  through  the  entire  opening  will  be,  per  unit  of  time, 
neglecting  contractions, 

Q=    I     pgy.Ldy (4) 


aThe  correlation  of  the  weir  and  orifice  haa  been  given  by  Merriman.    See  Hydraulics,  pp.  42-43. 
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This  i8  a  general  equation  for  the  flow  through  an}^  weir  or  orifice, 
rectangular  or  otherwise,  Q  being  expressed  as  a  function  of  y.  In 
the  present  instance  Z  is  constant.     Integrating, 

Q^lL^2g(\fli-N,i^ (5) 

For  a  weir  or  notch,  the  upper  edge  will  be  at  surface,  H^=  O^  and 
calling  II^=Hm  equation  (5), 

(2=|zV2^Zf* (6) 

In  the  common  formula  for  orifices,  only  the  head  on  the  center  of 
gi-avity  of  the  opening  is  considered. 

Expressing  //,  and  //j  in  terms  of  the  depth  H  on  the  center  of 
gravity  of  the  opening  and  the  height  of  opening  d^  Merriman  obtains, 
aft«r  substituting  these  values  in  and  expanding  equation  (5)  by  the 
binomial  theorem,  the  equivalent  formula, 

The  sum  of  the  infinite  series  in  brackets  expresses  the  error  of  the 
ordinary  formula  for  orifices  as  given  by  the  remainder  of  the  equa- 
tion. This  error  varies  from  1.1  per  cent  when  h=d  to  0.1  per  cent 
when  h=Zd, 

VERTICAL  CONTRACTION. 

Practical  weir  formulas  differ  from  the  theoretical  formula  (6)  in 
that  velocity  of  approach  must  be  considered  and  the  discharge  must 
be  modified  by  a  contraction  coefficient  to  allow  for  diminished  sec- 
tion of  the  nappe  as  it  passes  over  the  crest  lip.  Velocity  of  approach 
is  considered  on  pages  14  to  20.  Experiments  to  determine  the  weir 
coefficient  occupy  most  of  the  remainder  of  the  paper.  The  nature  of 
the  contraction  coefficient  is  here  described. 

Vertical  contraction  expresses  the  relation  of  the  thickness  of  nappe, 
«,  in  the  plane  of  the  weir  crest,  to  the  depth  on  the  crest,  //.  If  the 
ration  //were  unity,  the  discharge  would  conform  closely  with  the 
expression 

$=2  3Z//V2^/T 
The  usual  coefficient  in  the  weir  formula  expresses  nearly  the  ratio 

The  vertical  contraction  comprises  two  factors,  the  surface  curve  or 
depression  of  the  surface  of  the  nappe  and  the  contraction  of  the 
under  surface  of  the  nappe  at  the  crest  edge.     The  latter  factor  in 
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particular  will  vary  with  form  of  the  weir  cross  section,  and  in  gen- 
eral variation  in  the  vertical  contraction  is  the  principal  source  of 
variation  in  the  discharge  coefficient  for  various  forms  of  weirs. 

The  usual  base  weir  formula,  ^=2  3  LllTlgll^  is  elsewhere  given 
for  an  orifice  in  which  the  upper  edge  is  a  free  surface.  If  instead 
the  depth  on  the  upper  edge  of  the  orifice  is  rf,  the  surface  contraction, 
there  results  the  formula 

Q^\MU^gQl^-d^ (8) 

This  is  considered  as  the  true  weir  formula  by  Merriman."*  In  this 
formula  only  the  crest-lip  contraction  modifies  the  discharge,  necessi- 
tating the  introduction  of  the  coefficient.  The  practical  difficulties  of 
measuring  d  prevent  the  use  of  this  as  a  working  formula. 

Similarly  a  formula  may  be  derived  in  which  only  the  effective 
cross  section  h  is  considered,  but  even  this  will  require  some  correction 
of  the  velocity.  Such  formulas  are  complicated  by  the  variation  of  s 
and  d  with  velocity  of  approach.*  Hence,  practical  considerations 
included,  it  has  commonly  been  preferred  to  adopt  the  convenient 

base  formula  for  weirs,  ^=o  MLII^^lgll^  or  an  equivalent,  and  throw 
all  the  buixlen  of  corrections  for  contraction  into  the  coefficient  M. 

VEIiOCITY  OF  APPROACH. 

THEORETICAL  FORMULAS. 

Before  considering  the  various  practical  weir  formulas  in  use  some 
general  considerations  regarding  velocity  of  approach  and  its  effect  on 
the  head  and  discharge  may  be  presented. 

In  the  general  formula  (4)  for  the  efflux  of  water  when  the  water 
approaches  the  orifice  or  notch  with  a  velocity  r,  then  with  free  dis- 
charge, writing  D-\-h  in  place  of  //,  for  a  rectangular  orifice,  we  have 

'   ^'^gy  .  Ldy (9) 

D^  and  i>,  being  the  measured  depth  on  upper  and  lower  edges  of  the 
orifice,  and  ^=,Vi  ^he  velocity  head. 
To  assume  that  D-^h  equals  ^  is  to  assume  that  the  water  level  is 

a  Hydraulics,  p.  123. 

6  See  Trautwiue  and  Mariehal's  translation  of  Bazin's  Experiments,  pp.  231-307,  where  may  also  be 
found  other  data,  including  a  r^8um<?  of  M.  Boussinesq's  elaborate  studies  of  the  vertical  contrac- 
tion of  the  nappe,  which  appeared  in  Comptes  Rendus  de  1' Acad«}mie  des  Sciences  for  October  24, 1887. 
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increased  by  the  amount  A,  or,  as  is  often  stated,  that  ZT is  "measured 
to  the  surface  of  still  water."  This  is  not  strieth^  correct,  how- 
ever, because  of  friction  and  unequal  velocities,  which  tend  to  make 
H—D>h^  as  explained  below. 

For  a  weir,  D^  equals  zero;  integrating, 

2    .    ,;^| 


<2=|zV2(/[(i)+A)*-A*] 


Since  Q  =  -oL^^gH^^  we  have 

^=|(Z>+A)*— A*[* (9(^) 

This  is  the  velocity  correction  formula  used  by  James  B.  Francis.'' 
Since  h  appears  in  both  the  superior  and  inferior  limits  of  integra- 
tion, it  is  evident  that  A  increases  the  velocity  only,  and  not  the  sec- 
tion of  discharge.  The  criticism  is  sometimes  made  that  Francis's 
equation  has  the  form  of  an  increase  of  the  height  of  the  section  of 
discharge  as  well  as  the  velocity. 

The  second  general  method  of  correcting  for  velocity  of  approai^h 
consists  of  adding  directly  to  the  measured  head  some  function  of  the 
velocity  head,  making 


R^D+ah 


in  the  formula 


or 


Q=CL{D+ah)^2^I)+^h). % 

This  is  the  method  employed  by  Boileau,  Fteley  and  Stearns,  and 
Bazin.  No  attempt  is  made  to  follow  theory,  but  an  empirical  correc- 
tion is  applied,  affecting  both  the  velocity  and  area  of  section. 

By  either  method  /•  must  be  determined  by  successive  approxima- 
tions unless  it  has  been  directly  measured. 

Boileau  and  Bazin  modify  (9J)  so  as  to  include  the  area  of  section  of 
channel  of  approach,  and  since  the  velocity  of  approach  equals  Q  A^ 
a  separate  determination  of  v  is  unnecessary.  Bazin  also  combines 
the  factor  for  velocity  of  approach  with  the  weir  coeflScient. 

The  various  modifications  of  the  velocity  correction  formulas  are 
given  in  conjunction  with  the  weir  formulas  of  the  several  experi- 
menters. 

a  Bovey  gives  similar  proof  of  this  formula  for  the  additional  caws  of  (1)  an  orifict'  with  free  di«- 
chan;e,  (2)  a  submerged  orifice,  (3)  a  partially  submerged  orifice  or  drowned  weir,  thus  establishing 
its  generality. 
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DISTRIBUTION  OF  VELOCITY  IN  CHANNEL  OF  APPROACH. 

The  discharge  over  a  weir  takes  place  by  virtue  of  the  potential 
energy  of  the  layer  of  water  lying  above  the  level  of  the  weir  crest, 
which  is  rendered  kinetic  by  the  act  of  falling  over  the  weir.  If  the 
water  approaches  the  weir  with  an  initial  velocity,  it  is  evident  that 
some  part  of  the  concurrent  energy  will  facilitate  the  discharge. 

The  theoretical  correction  formulas  may  not  truly  represent  the 
effect  of  velocity  of  approach  for  various  reasons: 

1.  The  fall  in  the  leading  channel  adjacent  to  the  measuring  section 
is  the  source  of  the  velocity  of  approach,  and  this  fall  will  always  be 
greater  than  that  required  to  produce  the  existing  velocities,  because 
some  fall  will  be  utilized  in  overcoming  friction. 

2.  The  velocity  is  seldom  uniform  at  all  parts  of  the  leading  chan- 
nel and  the  energy  of  the  water  varies  accordingly.  This  effect  is 
discussed  later  (p.  17). 

3.  It  is  not  certain  just  what  portion  of  the  energy  of  the  water  in 
the  section  of  the  leading  channel  goes  to  increase  the  discharge. 


Fio.  8.— Distribution  of  yelodties. 

In  general  the  threads  of  the  water  in  the  cross  section  of  the  chan- 
nel of  approach  to  a  weir  have  varying  velocities.  It  follows  that,  as 
will  be  shown,  the  ratio  of  the  actual  energy  of  the  approaching  water 
to  the  energy  due  to  the  mean  velocity  will  be  greater  than  unity,  and 
for  this  reason  the  correction  for  velocity  of  approach  will  be  greater 
than  if  the  energy  were  that  due  to  a  fall  through  a  head  produced  by 
the  mean  velocity  v.  The  more  nearly  uniform  is  the  velocity  of  the 
water  in  the  leading  channel  the  smaller  will  be  the  necessary  coeflB- 
cient  a  in  the  velocity  head  formula.  The  velocity  may  be  rendered 
very  nearly  uniform  by  the  use  of  stilling  racks  or  baffles.  Where 
this  was  done  in  the  experiments  on  which  a  formula  was  based  (that 
of  Francis,  for  example)  a  larger  velocity  of  approach  correction  than 
that  obtained  by  the  author  may  be  necessary  in  applying  the  formula 
to  cases  where  there  is  wide  variation  in  the  velocity  in  the  leading 
channel.  To  avoid  such  a  contingency  it  is  desirable,  when  practi- 
cable, to  measure  head  to  surface  of  still  water,  because  more  accurate 
results  can  be  obtained  and  wash  against  instruments  prevented. 
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The  vertical  and  horizontal  velocity  curves  in  an  open  channel  usu- 
ally closely  resemble  parabolas.  A  weir  interposes  an  obstruction  in 
the  lower  part  of  the  channel,  checking  the  bottom  velocities.  The 
velotuty  is  not,  however,  confined  to  the  filaments  in  line  with  the  sec- 
tion of  "the  discharge  opening  of  the  weir.  As  a  result  of  viscosity  of 
the  liquid,  the  upper  rapidly  moving  layers  dmg  the  filaments  under- 
neath, and  the  velocity  may  extend  nearly  or  quite  to  the  channel  bot- 
tom. There  will  usually,  however,  be  a  line  (A  B  C,  fig.  8),  rising 
as  the  weir  is  approached,  below  which  there  is  no  forward  velocity. 

The  line  A  B  C  is  the  envelope  of  the  curves  of  vertical  velocity 
in  the  channel  of  approach. 

There  will  be  a  similar  area  of  low  velocity  at  each  side  of  the  chan- 
nel for  a  contracted  weir.  The  inequality  of  velocities  for  such  weirs 
being  usually  greater  than  for  suppressed  weirs,  it  follows  that  a 
larger  coeflScient  in  the  formula  for  velocity  of  approach  may  be 
i-equired.     This  is  confinned  by  experiment. 

Various  assumptions  have  been  made  as  to  what  portion  of  the 
energy  of  the  approaching  stream  goes  to  increase  the  discharge,  (a) 
that  resulting  from  the  mean  velocity  deduced  from  the  discharge 
divided  by  the  area  of  the  entire  section  of  the  channel  of  approach; 
(J)  that  of  the  mean  velocity  obtained  by  using  the  sectional  area  of 
the  moving  water,  above  the  line  ABC,  fig.  3;  (c)  that  of  the  fila- 
ments lying  in  line  with  or  nearest  to  the  section  of  the  weir  opening, 
determined  approximately  by  the  surface  velocity." 

DISTRIBUTION  OF  ENERGY  IN  CHANNEL  OF  APPROACH. 

Consider  unit  width  of  the  channel  of  approat-b: 
Let  Vg  =  Surface  velocity. 

/•„j=Mean  velocity. 

r^  =  Bottom  velocity. 

V  =  Velocity  at  a  height  x  above  bottom. 

jr=  Depth  of  water  in  channel  of  approach. 

n'  =  Weight  of  unit  volume. 
The  geneml  formula  for  kinetic  energy  is 

K.  E.  =  4^     .     .     0 (10) 

where  Jr=  weight  of  the  moving  mass. 

If  the  velocity  increases  uniformly  from  bottom  to  surface,  the 
velocity  at  height  x  will  be 


a  Smith,  Hamilton,  Hydraulics,  p.  68. 
IBB  160—06 2 
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I^et  <lr  be  the  thickness  of  a  lamina  one  unit  wide  at  height  ,r.     The 
total  kinetic  energy  for  the  depth  A"  will  be 


(n+^(^  ('•..- '•*))!;^</^  ....  (11) 


If  the  velocity  is  uniform,  the  totrtl  kinetic  energy  per  unit  width 
is  found  by  integmtion  to  be 

Integrating  for  the  simple  case  where  r^  — (^and  the  velocity  increases 
uniformly  from  the  bottom  to  the  surfaci*  so  that  y,/*—  09  w^'  have 

K.  K.  =  '"^^^'''"' (13) 

if 

Comparing  this  with  the  expre.ssion  for  kinetic  energy  of  a  stream 
flowing  with  the  uniform  velocity  r  (formula  12),  we  find  the  mass 
energy  of  the  stream  with  uniformly  varying  velocity  to  l)e  twice  as 
great  as  for  the  uniform  velocity. 

By  a  similar  integration  the  ratio  of  the  total  kinetic  'energy  to  the 
kinetic  energy  corresponding  to  the  mean  velocity  in  the  channel  of 
approach  can  be  obtained  for  any  assumption  as  to  the  distribution  of 
velocities  in  the  leading  channel.  The  resulting  ratio  will  depend 
upon  the  relative  areas  of  section  with  low  and  high  velocities  which 
go  to  make  up  the  mean,  and  in  practice  it  will  generally  exceed  unity. 

The  lowering  of  the  water  surface  from  the  lev^el  of  a  still  pond  will 
also  be  greater  in  the  case  of  unequal  velocities  than  in  the  case  of  a 
uniform  velocity  equal  to  their  mean.  The  theoretical  weir  formula 
indicates  the  same  discharge  in  case  of  a  uniform  velocity  of  approach 
%^  as  in  case  of  varying  velocities  whose  mean  is  equal  to  v^  although 
in  the  former  case  the  actual  drawing  down  of  the  head  if  it  were 
measured  would  be  found  greater.  If  h  were  the  velocity  head 
corresponding  to  the  mean  velocity,  and  if  v^^  f\,  ^3,  etc.,  r„  were  the 
actual  velocities  in  the  ?i  unit  areas  of  cross  section,  the  actual  velocity 
head  k'  will  be  such  that 


^''' ('',*+ ''2'+^tc.  r,')=w(^//  =  InUi^ml  K.  E. 
Now, 

'V  .,,s_^,,/y/^_^  Y^  ^^f  average  velocitv. 


As  shown  alK)ve,  the  integral  K.  E.  is  the  greater. 
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It  follows  that  h'>k 

h 


If  a=^' 


Then 

Introducing  velocity  of  approach  in  the  discharge  formula  we  sub- 
stitute D+h  for  U^  and  integrate  between  the  limits  zero  and  D, 
Hence,  for  the  same  discharge,  the  area  of  weir  section  is  greater 
without  velocity  of  approach  by  nearly  the  amount  hL, 

For  a  given  measured  head  D^  the  effect  of  velocity  of  approach, 
whatever  it  may  be,  appears  as  an  increase  in  the  mean  velocity  of 
discharge  in  the  plane  of  the  weir.  The  relation  of  the  mean  velocity 
of  discharge  for  a  weir  with  velocity  of  approach  to  that  for  a  weir 
without  such  velocity  is  shown  by  the  following  expression,  the  mean 
head  being  the  same  in  both  cases: 

Mean  velocity  in  the  plane  of  the  weir=  ^^ 

then  %''%'  '  ^*  •  (^+^)*-^^- 

It  will  be  seen  that  the  disch9,rge  over  a  weir  with  velocity  of 
approach  is  less  than  that  for  the  same  total  head  and  greater  than 
that  for  the  same  measured  head  without  velocity  of  approach,  and 
that  with  a  given  measured  head  the  greater  the  velocity  of  approach 
the  greater  will  be  the  discharge. 

In  a  weir  section  opening  out  of  still  water  there  is  always  a  con- 
siderable surface  velocity,  the  parabolic  law  (see  fig.  3)  being  modified 
by  fluid  friction,  which  tends  to  equalize  the  velocities.  Velocity  of 
approach,  being  usually  greater  at  the  surface,  furthers  this  equaliza- 
tion. Some  of  the  kinetic  energy  of  the  swifter-moving  filaments  is 
transferred  to  their  slower-moving  neighbors,  the  result  being  that 
while  the  kinetic  energy  of  the  whole  mass  Q  passing  the  weir  per 
second  remains  constant,  yet  the  average  velocity  is  accelerated  and 
the  discharge  rate  is  increased  as  compared  with  the  theoretical  quan- 
tities. This  will  be  clearer  if  we  consider  two  contiguous  filaments, 
each  having  unit  section  a,  one  with  a  velocity  of  1,  the  other  of  2  feet 
per  second.  The  two  will  discharge  2+1  units  flow  per  second,  hav- 
ing the  total  kinetic  energy  indicated  below: 

TT   1?      ^Xl'        ,  2X2«         ^mo 
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If,  now,  the  velocities  are  equalized,  i)  units  of  kinetic  energy  will 
l)e  equally  divided  between  the  two  filaments,  so  that,  the  liew  velocity 
being  v, 

2atrrX  r^ _\U/tr 


and 


The  average  velocity  l)efore  equalization  was  1.5. 

The  discharge  from  two  filaments  having  ecjual  velocities  will  be 
3.802  units,  as  compared  with  8.00  for  two  filament^!?  having  unequal 
velocities. 

THE  TIIIX-EDGED   WEIR. 

EARLIER  EXPERIMENTS  AND  FORMULAS. 

Prior  to  1850  the  practice  of  weir  measurement  was  in  a  somewhat 
chaotic  condition,  especially  in  England,  (lermany,  and  the  United 
States.  There  were  many  experimental  results,  but  the  experiments 
were  made  on  so  small  a  scale  that  the  various  influences  aflfecting  the 
measurements  and  the  lack  of  proper  standards  made  the  results 
erratic  and  untrustworthy  in  detail.  Greater  advancement  had  been 
made  in  France  by  such  savants  as  Dubuat,  Eytelwein,  IXAubuisson, 
Cartel,  Poncelet,  Lesbros,  and  Boileau.  Some  of  the  work  of  the 
early  French  experimenters  has  proved,  in  the  light  of  wider  experi- 
ence, to  be  of  considerable  value. 

EXPERIMENTS  OF  CA8TEI.. 

The  fii*st  experiments  deserving  consideration  are  of  those  of  M. 
Castel,  conducted  at  the  waterworks  of  Toulouse  in  1S85  and  1836.* 
Castel  erected  his  apparatus  on  a  terrace  in  conjunction  with  the  water 
tower,  which  received  a  continuous  supply  of  1.32  cubic  feet  per 
second,  capable  of  being  increased  to  1.77  cubic  feet  per  second.  The 
weir  consisted  of  a  wooden  dam,  surmounted  by  a  crest  of  copper 
0.001  foot  in  thickness,  situated  in  the  lower  end  of  a  leading  channel, 
19.5  feet  long,  2.428  feet  wide,  and  1.772  feet  deep.  Screens  were 
placed  across  the  upper  end  of  the  channel  to  reduce  oscillations. 
The  head  was  measured  at  a  point  1.60  feet  upstream  from  the  weir  by 
means  of  a  point  gage.  The  overflow  was  measured  in  a  zinc-lined 
tank  having  a  c^apacit}^  of  113.024  cubic  feet.  The  length  of  the  crest 
for  weirs  with  suppressed  contmctions  varied  from  2.398  to  2.438 
feet.     Heights  of  weirs  varying  from  0.105  to  0.7382  were  used,  and 

a  Originally  published  In  M(5moires  Acad.  Sci.  Toulouse,  1837.  See  D'Aubuisson's  Hydraulics,  Ben- 
nett's translation,  pp.  74-77.  Data  recomputed  by  Hamilton  Smith  in  his  Hydraulics,  pp.  80-82  and 
138-14r>.  The  recomputed  coefficients  will  be  found  valuable  in  calculating  discharge  for  very  small 
and  very  low  weixs. 
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a  similar  scries  of  experiments  was  performed  on  suppressed  weirs 
1.1844  feet  long.  The  head  varied  for  the  longer  weirs  from  about 
0.1  to  0.25  foot.  Additional  experiments  were  made  on  conti*acted 
weirs  having  various  lengths,  from  0.0328  to  1.6483  feet,  in  a  channel 
2.428  feet  wide,  and  for  lengths  from  0.0328  to  0.6542  foot  in  a  chan- 
nel 1.148  feet  wide.  The  experiments  on  these  narrow  slit  weirs 
included  depths  varying  from  0.1  or  0.2  foot  to  a  maximum  of  about 
0.8  foot. 

D'Aubuisson  gives  the  following  formula,  derived  from  the  experi- 
ments of  Castel  for  a  suppressed  weir: 

^=3.4872Z/>  V/>+0.035lP (14) 

where  W  is  the  measured  central  surface  velocity  of  approach,  ordi- 
narily about  1.2^^ 

EXPERIMENTS  OF  PONCELET   AND   LE8BROS. 

The  experiments  made  by  Poncelet  and  Lesbros,  at  Metz,  in  1827 
and  1828,  under  the  auspices  of  the  French  Government,  were  contin- 
ued by  Lesbros  in  1836.  The  final  results  were  not  published,  how- 
ever, until  some  years  later. ^ 

The  experiments  of  Poncelet  and  Lesbros  and  of  Lesbros  were  per- 
formed chiefly  on  a  weir  in  a  fixed  copper  plate,  length  5.562  feet. 
The  head  was  measured  in  all  cases  in  a  reservoir  11.48  feet  upstream, 
beyond  the  influence  of  velocity  of  approach.  The  crest  depth  varied 
from  about  0.05  to  0.60  or  0.80  foot.  The  experiments  of  Lesbros 
are  notable  from  the  fact  that  a  large  number  of  forms  of  channel  of 
approach  were  employed,  including  those  with  contracted  and  con- 
vergent sides,  elevated  bottoms,  etc.  The  experiments  of  Lesbros  on 
these  special  forms  of  weirs  have  been  carefully  recomputed  by  Ham- 
ilton Smith,  and  may  be  useful  in  determining  the  discharge  through 
weirs  having  similar  modifications.* 

EXPERIMENTS  OF  BOILEAU. 

The  experiments  of  Boileau^  at  Metz,  in  1846,  included  3  suppressed 
weirs,  having  lengths  and  heights  as  follows: 

(1)  Length  5.30  feet,  height  1.54  feet. 

(2)  Length  2.94  feet,  height  1.12  feet. 

(3)  Length  2.94  feet,  height  1.60  feet. 

The  depth  of  overflow  varied  from  0.19  to  0.72  foot.  Boileau 
obtained  the  following  formula  for  a  suppressed  weir: 

(?=3.3455^|+^^^,_^^Z7;*     ....     (15) 


a  Experiences  hydraullques  sur  les  lols  de  T^coulement  de  I'eau,  Purls,  1852. 
6  Smith,  Hamilton,  Hydraulics,  pp.  96  and  97  and  104-107.    Alao  plates  1-2  and  H. 
<7  0augea^  de  coure  d'eau,  etc.,  Paris,  18.'iO. 
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This  formula  inrludcs  tho  eorrtntion  for  volocity  of  approach.  Tho 
ioefficient  C^  it  ^viIl  be  noticed,  is  ^iven  as  a  constHiit.  Boileau  after- 
wards gave  a  table  of  corrections  varyin^^  with  the  depth,  indicating  a 
discharge  from  \H\  to  107  per  cent  of  that  obtained  with  the  constant 
coefficient.  Additional  experiments  by  Boileau  on  suppressed  weii^s 
having  a  crest  length  of  about  0.1)5  foot  have  been  recomputed  by 
Hamilton  Smith.^  The  heights  of  weirs  were,  respectively,  2.028, 
2.690,  2.018,  and  2.638  feet.  In  these  experiments  the  discharge  wa.s 
determined  by  measurement  through  orifices. 

EAST   INDIAN    ENCUNEERS'    FORMULA.* 

The  East  Indian  engineers'  formula  for  thin-edged  weirs  is 


where 


Reducing, 


4>=^  ML^^hjIP^  CLII 


C=l  4^2<j  3/=  5. 35  M 


M=l-(^ 


0.04  [34. 6+ //J 


>l 


m 


6'=  a.4989 -0.05.35  // 


(17) 


This  formula  applies  to  a  suppressed  weir.  Method  of  correction 
for  velocity  of  approach  is  not  stated.  Coefficient  J/  has  a  maximum 
value  0.654,  and  decreases  slowly  as  the  head  increavses.  Limits  of 
applicability  of  fornmla  are  not  stated.     Values  of  C'are  given  below: 

Coffficienl  Cfor  thin-edged  weir.\  East  Indian  engineers'  formula.  <* 


Hin 
feet. 

0 
1 
2 
3 
4 


0.0 

3.499 
8.445 
3.392 
3.338 
3.285 
3.221 
3.178 
3.124 
3.071 
3.017 


0.1 

3.494  I 
3.440  ' 
3.386  ■ 
3.333 
3.280 
3.226  I 
3.172  I 
3.119  ! 
3.066  ' 
3.012  I 


3.488 
3.435  I 
3.381 
3.328  I 
3.274 
3. -221 
3.167  I 
3.114  ' 
3.060 
3.007  I 


3.483 
3.429 
3.376 
3.322 
3.269 
3.215 
3. 162 
3.108 
3.055 
3.001 


0.4 

3.478 
3.424 
3,370 
3.317 
3.264 
3.210 
3.1.'S6 
3.103 
3.050 
2.996 


3.472 
3.419 
3.365 
3.312 
3.2.58 
3.205 
3. 151 
3.098 
3.044 
2.991 


0.6 

3.467  ' 
3.413 
3.360  J 
3.306  j 
3.253 
3.199  ' 
3.146 
3.092 
3.039  I 
2.985 


I 


0.9 


3.462 
3. 40H 
3.3M 
3.301 
3. 248 
3.194 
3.140 
3.087 
3.034 
2.980 


3.4,% 

3.451 

3.403 

3.397 

3.349 

3.344 

3.296 

3.290 

3.212 

3.237 

3.189 

3.183 

3. 135 

3.130 

3.082 

3.076 

3.028 

3.023 

2.975 

2.969 

«  HydraulicR,  pp.  133-135. 

'•Given  in  J.  Mulllns's  Irrigation  Manual,  Introduced  in  United  States  by  G.  W.  Rafter  and  used  in 
rei?ion  of  upper  Hudson  River.    Not  given  in  Bella-sis's  re<ent  East  Indian  work  on  hydraulics. 

*•  For  Ea.st  Indian  engineers'  broad-crested  weir  formula,  using  coefficients  derived  from  the  above, 
we  p.  114. 
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EXPERIMENTS  AND  FORMULA  OF  JAMES  B.  FRANCIS. 

The  experiments  on  discharge  over  thin-edged  weirs,**  upon  which 
the  Francis  formula  is  based,  were  made  in  October  and  November, 
1852,  at  the  lower  locks  of  the  Pawtucket  canal,  leading  from  Con- 
cord River  past  the  Lowell  dam  to  slack  water  of  Merrimac  River. 
Additional  experiments  were  made  by  Francis  in  1848  *  at  the  center 
vent  water  wheel  at  the  Boott  Cotton  Mills  in  Lowell,  with  gates 
blocked  open  and  with  constant  head.  A  uniform  but  unknown  vol- 
ume of  water  was  thus  passed  through  the  turbine  and  over  a  weir 
having  various  numbers  of  end  contractions,  the  effect  of  which  was 
thus  determined.  Similar  experiments  were  made  in  1851  at  the  Tre- 
mont  turbine,^  where  a  constant  volume  of  water  was  passed  over 
weirs  of  lengths  ranging  from  3.5  to  16.98  feet  and  with  from  two  to 
eight  end  contmctions.  These  experiments  were  made  to  determine 
the  exponent  n  in  the  weir  formula 

Q^  CLff\ 

Francis  here  found  n=1.47,  but  adopted  the  value  71=1.5=3  2,  in 
the  experiments  of  1852. 

The  Pawtucket  canal  lock  was  not  in  use  at  the  time  of  the  Lowell 
experiments  in  1852  and  the  miter  gates  at  the  upper  lock  chamber 
were  removed  and  the  weir  was  erected  in  the  lower  hollow  quoin  of 
the  gate  chamber.  The  middle  gates  at  the  foot  of  the  upper  cham- 
ber were  replaced  by  a  bulkhead  having  a  sluice  for  drawing  off  the 
water.  A  timber  flume  in  the  lower  chamber  of  the  lock  was  used  as 
a  measuring  basin  to  determine  the  flow  over  the  weir.  Its  length 
was  102  feet  and  its  width  about  11.6  feet.  A  swinging  apron  gate 
wa*?  so  arranged  over  the  crest  of  the  weir  that,  when  opened,  the 
water  flowed  freely  into  the  measuring  basin  below,  and  when  closed, 
with  its  upper  edge  against  the  weir,  the  overflow  passed  into  a 
wooden  diverting  channel,  placed  across  the  top  of  the  lock  chamber, 
and  flowed  into  Concord  River.  An  electric  sounder  was  attached 
to  the  gate  framework,  by  which  a  signal  was  given  when  the  edge  of 
the  swinging  gate  was  at  the  center  of  the  nappe,  when  either  opening 
or  closing.  By  this  means  the  time  of  starting  and  stopping  of  each 
experimental  period  was  observed  on  a  marine  chronometer.  The 
depth  on  the  weir  was  observed  by  hook  gages.  The  readings  were 
taken  in  wooden  stilling  boxes,  11  by  18  inches  square,  open  at  the 
top,  and  having  a  1-inch  round  hole  through  the  bottom,  which  was 
aboTut  4  inches  below  the  weir  crest.  The  weir  was  in  the  lower  quoin 
of  the  gate  recess,  and  the  hook  gage  boxes  were  in  the  upper  quoin, 
projecting  slightly  beyond  the  main  lock  walls.     In  weirs  with  end 

a  Francis,  J.  B.,  Lowell  Hydraulic  Experiment,  pp.  103-136.      f>  Idem,  pp.  96-102.      <?Idem,  pp.  7&-96. 
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contractions  the  full  width  of  the  channel  was  used.  For  suppressed 
weirs,  a  leading  channel  having  a  width  e(|ual  to  the  length  of  the 
weir  crest  was  formed  by  constructing  vertical  timber  walls  within 
the  main  canal,  extending  20  feet  upstream  from  the  weir  and  having 
their  upper  ends  flaring  about  1  foot  toward  the  canal  walls.  Water 
was  freely  admitted  on  lK)th  sides  of  these  timber  walls.  The  hook 
gage  boxes  were  outside  of  this  channel.  The  holes  in  the  bottom 
were  plugged,  and  flush  piezometer  pipes  were  used  to  connect  the 
hook-gage  })oxes  with  the  inner  face  of  the  side  walls  of  the  channel 
of  approach.  Observations  of  the  head  by  hook  gage  were  taken  at 
intervals  of  about  15  seconds.  Each  experimental  period  covered 
from  190  to  9<H)  seconds.  The  hook-gage  readings  were  reduced  to 
weir  crest  level  as  a  datum  and  arranged  in  groups  of  two  or  three, 
which  agreed  closely.  The  mean  head  was  determined  by  the  correc- 
tion foruuila  (48).  In  one  period,  18  observations  of  heads  mnged 
from  0.6310  to  O.()605  foot;  their  arithmetical  mean  was  0.6428; 
the  computed  correction  was  minus  0.0008. 

The  measured  head  was  corrected  for  velocity  of  approach  by  using 
the  theoretical  formula  given  below.  The  range  and  character  of  the 
experiments,  together  with  the  general  results,  are  shown  in  the  fol- 
lowing table: 

Thin-edged  weir  experimerds  of  J.  B.  Francis  at  the  hirer  lochj  Txyfc^Uy  Mass. ,  185S. 


Serial 
num- 
bers of 
experi- 
mental. 

1 

B 

•3 

4 

P. 

O   X 

o  2 
13.96 

1- 

^  •'  K 

5.(M8 

Range  of  ob- 
served head, 
in  feet. 

Range  of  ve- 
locity of 

approach,  in 
feet  per 
second. 

1 

o 
"S  ♦J 

9.997 

X 

C 

S 

1 

c 

•v 
a 

0/ 

B 
a 
y, 

2 

II 

< 
1. 56 

Discharge  coei 

a 

1    1    1 

3.3318  '  3.3002 

!icient 

From— 
To- 

^  ■ 

! 

1 
i 

1. 56910 

1   i 

0.7682   0.78.89 

1  '    4 

1. 52430 

3.3181 

r>     10 

6 

13.96 

6.048 

1.23690 

1.25490 

.5904  '  .6000 

9.997 

2 

1.16 

3.3412  1  3.3159 

3.3388 

11     33 

23 

13.96 

5.048 

.91570 

,1.06920 

.3951  1  .4863 

9.997 

2 

1.00 

3.3333     3.3110 

3.8223 

34     35 

2 

13.96 

5.048 

1.01025 

1.02625 

.  aV27      .  3596 

7.997 

4 

1.02 

3.3617  !  3.3586 

3.8601 

36  1  43 

8 

13.96 

2.014 

1.02805 

1.07945 

.9496  '].0O49 

9.997 

2 

1.06 

3.3567  '  3.3498 

3.3527 

44  .  50 

7 

9.992 

5.048 

.974.'i0 

'  .98675 

.5376 

.  .•V455 

9.995 

0 

0.98 

S.'M'M     3.3366 

3.3409 

51     55 

^ 

9.992 

5.048 

.99240 

'l. 00600 

.5477 

.5.589 

9.995 

0 

1.00 

3.3349  .  3.3243 

8.3270 

56  1  61 

6 

13.96 

6.048 

.77690 

1  .81860 

.3170 

.34a5 

9.997 

2 

0.80 

3.3287  '  3.3188 

3.3246 

62     66 

5 

13.96 

2.014 

.77115 

.88865 

.6694 

.7963 

9.997 

2 

0.83 

3.3435  1  3.3376 

3.3403 

67  1  71 

5 

9.992 

5.048 

.7362 

1  .8149.') 

.3659 

.4213 

9.995 

0 

0.80 

3.3424     3.3341 

3.3393 

72  1  78 

7 

13.96 

5.048 

.59190 

.6552.'> 

.2182 

.2509 

9.997 

2 

0.62 

3.3806  1  3.3237 

3.3275 

79     M 

<• 

13.96 

2.014 

.63135 

.i6:)8,-> 

.5193 

.5496 

9.997 

2 

0.65 

3.3278     3.3244 

8.3262 

85  1  88 

4 

13.96 

2.014 

.66iM0 

.  tJ8Sl5 

.4:^82 

.  4526 

7.997 

4 

0.68 

3. 3382     3. 3333 

1 

3.3368 
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From  a  discussion  of  these  experiinonts  Francis  presents  the  final 
formula — 

If  there  are  end  contractions, 

L^L-OANIL  [    .     .     (18) 

If  there  is  velocity  of  approach, 

The  mean  velocity  v  was  determined  by  successive  approximations; 
A  was  determined  by  the  usual  formula — 

The  Francis  formula  for  velocity  of  approach  correction  is  cumber- 
some, and  several  substitutes  have  been  devised,  some  of  which  are 
described  in  the  following  paragraphs. 

(1)  Determine  the  approximate  velocity  of  approach  i\  by  a  single 
trial  computation  of  Q^  using  D^II, 

Then  use 

to  determine  the  final  value  of  Q.  For  a  given  value  of  v  this  gives 
too  large  a  value  of  H^  but  the  approximate  value  of  r^  is  somewhat 
too  small,  partially  counterbalancing  the  error  and  usually  giving  a 
final  value  of  Q  sufficiently  precise. 

(2)  By  developing  into  series  and  omitting  the  powers  h  D  above 
the  first,  h  being  always  relatively  small,  the  following  closely  approxi- 
mate equivalent  of  the  Francis  correction  formula,  given  by  Emerson,^ 
is  obtained: 


'-1VI 


n=D+h-y-^ (19) 

(3)  Hunking  and  Hart*  derive  from  the  Francis  correction  formula 
the  following  equivalent  expression: 

JS7>*=//*=(/>+^)*-//* (20) 

-=['+S(g>'']'-[C(0-]'  •  ■  <^'> 

where  G  is  the  area  of  channel  section  in  which  I)  is  measured,  per 
unit  length  of  crest. 

a  Hydmd>n)aml(»s  p.  286.  b Jour.  Franklin  Inst ,  Phlla.,  AukuhI.  IHM,  pp.  121-126. 
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For  a  suppressed  weir, 


a^p^D. 


For  a  contracted  weir. 


(;- 


A 


(22) 


Hunking  and  Hart  have  computed  values  of  K  by  the  solution  of 
the  above  formula  for  each  0.005  increment  in  D  G  to  0.86.  The 
results  extended  >)y  formula  (28)  are  given  l)elow. 

Velocity  of  approiich  correction^  factor  A",  Ilunking  and  Hart  formula^  H-  =  KD~. 
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1.067230 

1.095616 

.025 

1.000161 

1.0039:J3 

1.012607 

1.02«;248 

1.04.T069 

1.068724 

1.097359 

.030 

1.000231 

1. 004251 

1.013169 

1.0270«;5 

1.046065 

1.069969 

1.098853 

.035 

1.000314 

1.001581 

1.013744 

1.027895 

1. 047061 

1. 071214 

1. 100347 

.(MO 

1.000409 

1.00(923 

1.014331 

1.02K739 

1.048306 

1.072708 

1.102090 

.045 

1.00ft518 

1.005278 

1.014931 

1.029.596 

1.049302 

1.0739.53 

1.103584 

.aso 

1.00063H 

1.001^44 

1.015.'>43 

1.030467 

1.050298 

1.07.5198 

1.105078 

.a55 

1.000772 

1.006023 

1.016167 

1.0313.=)0  . 

1.051543 

1.076692 

1.106821 

.060 

1.000917 

1.006414 

1. 016805 

1.(62248 

1.052788 

1.078186 

1.108564 

.065 

1.001075 

1.006817 

1.01745,5 

1.03;ill7 

1.053784  , 

1.079431 

1. 110058  ! 

.070 

1.001246  ' 

1.007232 

1.018107 

1.034113 

1. 05.5029 

1.080925 

1,111801 

.075 

1.001429 

1.007659 

1.018792 

1. 03.5109 

1.056274 

1.082419 

1.113544 

.080 

1.001624 

1.008099 

1.019480 

1.03.58,'i6 

1.057270 

1.08;}664 

1.115038 

.085 

1.001832 

1.008.5.51 

1.020180 

1.016852  . 

1.058515 

1.08.'>158 

1.116781 

.090 

1.002051 

1.009015 

1.020893 

1.037848 

1.059760 

1.086652 

1.118524 

.095 

1.002284 

1.009491 

1.021620 

1.038844 

1. 061005 

1.088146 

1.120267 

The  general  formula  for  K  is  too  complex  for  common  use.  The 
expressions 

ir=  1+0.2489(^2^' (23) 

and 

are  stated  to  give  results  correct  within  one-hundredth  and  one-tiftieth 
of  1  per  cent,  respectively,  for  values  of  /i  less  than  0.36. 

EXPERIMENTS  AND  FORMULAS  OF  FTELEY  AND  STEARNS. 

The  first  series  of  experiments  by  Fteley  and  Stearns  on  thin-edged 
weir  discharge^  were  made  in  March  and  April,  1877,  on  a  suppressed 
weir,  with  crest  5  feet  in  length,  erected  in  Sudbury  conduit  below 
Farm  Pond,  Metropolitan  waterworks  of  Boston. 

Water  from  Farm  Pond  was  let  into  the  leading  channel  through 

a  Fteley,  A.,  and  Stearns,  F.  F.,  Experiment**  on  the  flow  of  water,  etc.:  Trans.  Am.  8oc.  C.  E., 
vol.  12,  Jan.,  Feb.,  Mar.,  1883,  pp.  1-118. 
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head-gatos  until  the  desired  level  for  the  experiment,  us  found  by 
previous  trial,  was  reached.  A  swinj^ing  jrate  was  then  mised  from 
the  crest  of  the  weir  and  the  water  was  allowed  to  flow  over.  The 
maintenance  of  a  uniform  regimen  was  facilitated  by  the  large  area 
and  the  consequent  small  variation  of  level  in  Farm  Pond,  so  that  the 
outflow^  from  the  gates  was  sensibly  proj5ortional  to  the  height  they 
were  raised.  The  water  flowed  from  the  weir  into  the  conduit  chan- 
nel below,  and  was  measured  volumetrically.  For  the  smaller  heads 
the  length  of  the  measuring  basin  was  22  feet,  and  for  the  larger 
heads  367  feet. 

The  crest  depth  was  observed  by  hook  gage  in  a  pail  below  the  weir, 
connected  to  the  channel  of  approach  by  a  rubber  tube  entering  the 
top  of  the  side  wall,  6  feet  upstream  from  the  weir  crest.  Hook-gage 
readings  of  head  were  taken  every  half  minute  until  uniform  regimen 
was  established,  and  every  minute  thereafter.  The  depths  in  the  meas- 
uring basin  were  also  taken  by  hook  gage.  The  bottom  of  the  conduit 
was  concave,  and  was  graded  to  a  slope  of  1  foot  per  mile.  It  was 
covered  with  water  previous  to  each  experiment,  leaving  a  nearly 
rectangular  section. 

The  experiments  in  1877  included  31  depths  on  a  suppressed  weir 
of  5  feet  crest  length,  3.17  feet  high.  The  observed  heads  varied 
from  0.0735  to  0.8198  foot. 

In  1879  a  suppressed  weir,  with  a  crest  length  of  19  feet,  was 
erected  in  Farm  Pond  Gate  House.  Head-gates  and  screens  were 
clovse  to  weir;  otherwise  the  apparatus  for  measuring  he^d  and  starting 
and  stopping  flow  was  similar  to  that  used  in  previous  experiments. 
The  crest  of  the  weir  was  an  iron  bar  3^  inches  wide  and  one-fourth 
inch  thick,  planed  and  filed  and  attached  to  the  upper  weir  timber  with 
s<Tews.  No  variation  in  level  of  the  weir  crest  occurred.  As  in  the 
pi-eceding  experiments,  no  by-pass  was  provided,  and  the  entire  over- 
flow entered  Sudbury  conduit  below  the  weir.  The  conduit  was 
partly  filled  with  water  at  the  start,  leaving  a  nearly  rectangular  sec- 
tion, 11,300  feet  in  length  and  about  9  feet  wide.  A  difference  of  3 
feet  in  water  level  was  utilized  in  measuring  discharge,  the  total  capac- 
ity being  3(X),272  cubic  feet.  Semipartitions  were  provided  to  reduce 
oscillation  of  the  water.  Many  observations,  covering  a  considerable 
period  of  time,  were  required  to  determine  the  true  water  lev^^l.  This 
series  of  experiments  included  10  depths  on  a  suppressed  weir  19  feet 
long  and  6.55  feet  high,  with  measured  heads  varying  from  0.4685  to 
1.6038  feet  and  velocities  of  approach  ranging  from  0.151  to  0.840  foot 
per  second. 

From  measurements  on  weirs  5  and  19  feet  in  length,  respectiveh^ 
and  from  a  recalculation  of  the  experiments  of  James  B.  Francis, 
Fteley  and  Stearns  obtained  the  final  formula 

(>^3.31/.//^0.007Z (25) 
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In  the  above,  if  there  is  velocity  of  approach, 
If^l)+ah. 

a  =1.5  for  suppressed  weirs, 
a  =2.05  for  weirs  with  end  contractions. 
The  value  of  the  velocity  head  coeflBcient  a  was  determined  from 
94  additional  expermients  on  the  5-foot  weir  in  1878.  These  involved 
measured  heads  ranging  from  0.1884  to  0.9443  foot,  heights  of  weir 
ranging  from  0.50  to  3.47  feet,  and  velocities  of  approach  reaching  a 
maximum  of  2.35  feet  per  second.  Also  17  experiments  were  made 
on  weirs  3,  3.3,  and  4  feet  long  respectively;  the  first  with  two  and 
the  last  two  with  one  end  contraction.  These  experiments  included 
measured  heads  varying  from  0.5574  to  0.8702  foot,  and  velocities  of 
approach  from  0.23  to  1.239  feet  per  second. 

In  all  experiments  on  velocity  of  approach,  the  head  was  measured 
6  feet  upstream  from  crest.     The  width  of  channel  was  5  feet.^ 

Fteley  and  Stearns  found  the  following  values  of  a  for  suppressed 
weirs: 

Fteky  and  Steams^  s  value  of  a  for  suppressed  v^eirs. 


Measured 

depth  on 

weir, 

in  feet. 

Depth  of  channel  of  approach  below  weir 
crest,  in  feet. 

0.50 
1.70 

1.00 

1.70 

2.60  f> 
1.51 

0.2 

1.87 

1.66 

.3 

1.53 

1.83 

1.65 

1.50 

.4 

1.53 

1.79 

1.63 

1.49 

.5 

1.53 

1.75 

1.62 

1.48 

•6 

1.52 

1.71 

1.60 

1.47 

.  7 

1.51 

1.68 

1.59 

1.46 

.8 

0  1.50 

M.65 

1.57 

1.45 

.9 

1.49 

1.63 

1.56 

a.  44 

1.0 

1.48 

1.61 

1.54 

1.43 

1.1 

1.59 

1.53 

1.42 

1.2 

1.57 

1.51 

1.41 

1.3 

1.55 

1.49 

1.40 

1.4 

1.54 

1.48 

1.39 

1.5 

1.52 

1.46 

1.38 

1.6 

1.51 

1.44 

1.37 

1.7 

1.49 

1.43 

1.36 

1.8 
1.9 
2.0 

1.41 
1.40 
1.38 

1.35 
1.34 
1.33 



a  Fteley  and  Stearns,  idem.  pp.  6-23. 
b  Applicable  to  greater  heights  of  weir. 
c  Limit  of  experiments. 
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Current-meter  measurements  showed  a  nearly  uniform  distribution 
of  velocities  in  the  channel  of  approach  above  the  lU-foot  weir,  a  fact 
to  be  taken  account  of  when  the  formulas  are  applied  to  cases  where 
the  velocity  of  approach  varies  in  different  portions  of  the  leading 
channel. 

If  there  are  end  contractions,  the  net  length  of  weir  should  be  deter- 
mined by  the  Francis  formula, 

L=L-OANIL 

The  head  should  be  measured  at  the  surface  of  the  channel  of 
approach,  6  feet  upstream  from  the  weir  crest. 

BAZIN'S  EXPERIMENTS. 

Bazin\s  experiments  on  thin-edged  weirs  were  performed  in  the  side 
channel  of  the  Canal  de  Bourgogne,  near  Dijon,  France,  and  were 
begun  in  1886.  Their  results  were  published  in  Annates  des  Fonts  et 
Chaussdes  and  have  been  translated  by  Marichal  and  Trautwine.^ 

The  standard  weir  consisted  of  horizontal  timbers  4  inches  square, 
with  an  iron  crest  plate  0.276  inch  in  thickness.  Air  chambers  were 
placed  at  the  ends  of  the  weir  on  the  downstream  side,  to  insure  full 
aeration  of  the  nappe.  End  contractions  were  suppressed.  The 
height  of  the  first  weir  was  3.27  feet  above  channel  bottom,  and  the 
head  was  measm'ed  in  •*'Bazin  pits,''  one  at  each  side  of  the  channel 
16.40  feet  upstream  from  the  weir  crest.  The  pit  consisted  of  a  lat- 
eral chamber  in  the  cement  masonry  forming  the  walls  of  the  canal. 
The  chamber  was  square,  1.64  feet  on  each  side,  and  communicated 
with  the  channel  of  approach  by  a  circular  opening  4  inches  in  diameter, 
placed  at  the  bottom  of  the  side  wall  and  having  its  mouth  exactly 
flush  with  the  face  of  the  wall.  The  oscillations  of  the  water  surface 
in  the  lateral  chamber  were  thus  rendered  much  less  prominent  than 
in  the  channel  of  approach.  The  water  level  in  the  Bazin  pit  was 
observed  by  dial  indicators  attached  to  floats,  the  index  magnifying 
the  variations  in  water  level  four  times,  the  datum  for  the  indicators 
having  been  pi'eviously  determined  by  means  of  hook  gages  placed 
above  the  crest  of  the  weir  and  by  needle-pointed  slide  gages  in  the 
leading  channel. 

A  drop  gate  was  constructed  on  the  crest  of  the  weir  to  shut  off  the 
discharge  at  will.  In  each  experiment  the  head-gates  through  which 
the  water  entered  the  leading  channel  were  first  raised  and  the  water 
was  allowed  to  assume  the  desired  level.  The  weir  gate  was  then 
raised,  and  the  head-gates  were  manipulated  to  maintain  a  nearly  con- 

oBaziD,  H.,  Recent  experimenta  on  flow  of  water  over  weirs,  translated  from  the  French  by  Mari- 
chal and  Trautwlne:  Proc.  Engineers'  Club  Phlla.,  vol.  7,  Jan.,  1H90,  pp.  259-310;  vol.  9,  pp.  231-244, 
287-319;  vol.  10,  pp.  121-164. 
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stant  inflow.  The  arithmetical  mean  of  the  observations  during  each 
period  of  uniform  regimen  was  used  as  the  measured  head  for  that 
experiment. 

The  overflow  passed  into  a  measuring  channel,  656.17  feet  in  length, 
whose  walls  were  made  of  smooth  Portland  cement  conerete.  The 
channel  was  6.56  feet  wide,  its  side  walls  were  3.937  feet  high,  and  its 
lower  end  was  closed  by  water-tight  masonry.  Its  bottom  was  graded 
to  a  slope  of  about  1: 1,0()0.  The  volume  of  inflow  was  determined  by 
first  covering  the  channel  Imttom  with  water,  then  noting  the  change 
of  level  during  each  experimental  period,  the  capacity  of  the  channel 
at  various  heights  having  previously  been  carefully  determined.  A 
slight  filtmtion  occurred,  necessitating  a  correction  of  about  one-eighth 
of  1  per  cent  of  the  total  volume.  The  observations  for  each  regimen 
were  continued  through  a  period  of  12  to  30  minutes. 

Sixty -seven  experiments  were  made  on  a  weir  3.72  feet  high,  includ 
ing  heads  from  the  least  up  to  1.017  feet.  Above  this  point  the 
volumetric  measuring  channel  filled  so  quickly  as  to  require  the  use  of 
a  shorter  weir.  Thirty-eight  experiments  were  made  with  a  standard 
weir,  3.28  feet  long  and  3.72  feet  high,  with  heads  varying  from  the 
least  up  to  1.34  feet.  For  heads  exceeding  1.34  feet  it  was  necessary 
to  reduce  the  height  of  the  weir  in  order  that  the  depth  above  the  weir 
should  not  exceed  that  of  the  channel  of  approach.  Forty-eight 
experiments  were  made  on  a  weir  1.64  feet  long  and  3.297  feet  high, 
with  heads  ranging  from  the  least  up  to  1.780  feet.  These  experiments 
sufficed  to  calibrate  the  standard  weir  with  a  degree  of  accuracy  stated 
by  Bazin  as  less  than  1  per  cent  of  error. 

In  order  to  determine  the  effect  of  varying  velocities  of  approach 
the  following  additional  series  of  experiments  were  made  on  sup- 
pressed weirs  2  meters  (6.56  feet)  in  length. 

Experiments  on  »uppre^ed  toeirs  2  meters  in  length. 


Number 
of  experi- 
ments. 

Range  of  head  In  feet. 

Height  of 
experimen- 
tal weir,  In 
feet. 

Prom— 

To— 

28-r30 

0.489 

1.443 

2.46 

29+29 

.314 

1.407 

1.64 

27f41 

.298     ! 

1. 338 

1.15 

44 

.296 

1.338 

0.79 

The  standard  weir  was  3.72  feet  high,  and  the  experimental  weirs 
were  placed  46  to  199  meters  downstream.  The  discharge  was  not 
measured  volumetrically.  A  uniform  regimen  of  flow  was  established 
and  the  depths  on  the  two  weirs  were  simultaneously  observed  during 
each  period  of  flow. 
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These  experiments  afforded  data  for  the  determination  of  the  rela- 
tive effect  of  different  velocities  of  approach,  corresponding  to  the 
different  depths  of  the  leading  channel. 

From  these  experiments  Bazin  deduces  coefficients  for  a  thin-edged 
weir  3.72  feet  high,  for  heads  up  to  1.97  feet,  stated  to  give  the  true 
discharge  within  1  per  cent." 

BAZIN'S   FORMULAS   FOR   THIN-EDGED   WEIRS. 

Starting  with  the  theoretical  formula  for  a  weir  without  velocity  of 
approach,  in  the  form 

and  substituting 

for  //,  in  the  case  of  a  weir  having  velocity  of  approach,  there  results, 

Bazin  obtained,  by  mathematical  transformation,  the  equivalent* 
Bazin  writes 


or 


:.(l  +  .j 


for  which  equation  he  obtains,  by  mathematical  transformation,  the 
approximate  equivalent  ** 


m- 


'"(y^^ <^'> 


The  calculation  of  the  factor  »  appearing  in  this  formula  requires 
the  discharge  ^  to  be  known. 

Assuming  that  the  channel  of  approach  has  a  constant  depth  P  below 
the  crest  of  the  weir,  and  that  its  width  is  equa'.  to  the  length  of  the 

a  Bazin,  H.,  Experiences  nouvelle«  8ur  r^couleraent  en  <l(>versoir:  Ann.  Fonts  et  ChaUBs^es,  Mi^m.  et 
Doc.,  1896, 2^  trlmestrt'.  See  translation  by  Marichal  and  Tmutwine  in  Proc.  Enj?.  Club  Philii.,  vol.  7, 
pp.  'iS^-^lO;  vol.  9,  pp.  231-244. 

ft  The  steps  in  the  derivation  of  this  formula  are  given  l)y  Trautwine  and  Marichal  in  their  trans- 
lation of  Badn's  report  of  his  experimentn,  in  Phh*.  Eng.  (Mub  I'hila.,  vol.  7,  p.  280. 

t^The  steps  in  detail  are  given  by  Trautwine  and  Mariehal  In  their  translation  of  Bazin,  in  l*ro<'. 
Eng.  Club  Phila.,  vol.  7,  No.  5,  p.  281. 
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weir,  v  may  be  expressed  in  terms  of  these  factors,  and  of  the  discharge 

=     Q 
"    2(P+i>). 

Usinjf  this  value  of  v,  Bazin  obtains  the  expression 

m=f^\}^^(^jj^^^ (28) 

3 
where  ^=o  ^  '^^^     gj  is  a  nearly  constant  factor,  varying  only  with 

//^*.     The  value  of  oo  a8  well  a^  that  of  a  can  be  determined  by  com- 
parative experiments  on  thin-edged  weirs  of  different  heights." 

From  a  discussion  of  his  own  experiments  and  those  of  Fteley  and 
Stearns,  Bazin  finally  obtained  the  formulas 


Q=}j.LI[^2gII,  no  velocity  of  approach;    1 
Q=mLDy2gD^  with  velocity  of  approach.  J 


(29) 


,  ,  _  ,  0.003X3.281     ^^  ,^^  ,  0.00984*  ,oa\ 

5 
For  a  weir  with  velocity  of  approach  «=.i  and  (»=0.55.     Substitut- 
ing in  equations  (27)  and  (28), 

.=/<  [1+0.55  (^^,-;['^)'] (32) 


VI- 


These  formulas  give  values  of  m  agreeing  with  the  results  of  the 
experiments  within  1  per  cent  for  weirs  exceeding  about  1  foot  in 
height  within  the  experimental  range  of  head. 

Approximately,  for  heads  from  4  inches  to  1  foot, 


7;i=0.425+0.21 


(rfi))'-  • <^^> 


correct  within  2  to  3  per  cent. 

The  following  table  gives  Bazin's  experimental  coefficients,  the  head 
and  height  of  weir  (originally  meters)  having  been  reduced  to  feet: 

a  For  detailed  analysis  see  Trautwlne  and  Marichal,  Proc.  Eng.  Clnb  Phila..  vol.  7,  pp.  282-283. 
ft  Experimental  tabular  values  of  /&  differing  very  slightly  from  the  formula  within  the  range  of 
Bazin'8  experiments  are  also' given. 
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Values  of  the  Bazln  coefficient  r  in  the  formula  Q=CLH^  for  a  thin-edyed  weir^  wilhoiU 

end  contraction. 


I-,  -I      Height  of  crest  of  weir  above  bc»<i  of  channel  of  approach,  in  feet. 

Measured  __  ._  S  .  Meiu<nred 


head  I). 

0.66 

Feet. 

C 

0.164 

3.673 

.197 

3.657 

.230 

8.619 

c 


1.31 
C 


1.64 
C 


1.97 


.262  3.657 

.295  3.665 

.328  '  3.681 

.394  3.705 

.459  3.737 

.^25  :  3.777 

.591  3.810 


3.683  j  3.617     3.609  3.601 

3.609  3.585  I  3.569  3.569 

3.593  '  3.569  I  3.553  3.545 

3.585  3.563  '  3.537  I  3.529 

3.585  3.546  I  3.529  3.513 


.656 
.722 

.787 
.853 
.919 


3.850 
3.882 
3.914 
8.946 
3.978 


3^585 
3.593 
3.609 
3.633 
3.667  , 

3.681  j 
3.705 
3.729 
3.753 

3. 785 


.984       4.010     3.810 

l.(»0     ... 

....    3.834 

1.116      ... 

....    3.858 

1.181     '... 

....    8.874 

1.247    |... 

....    3.898 

1.312    1... 

....    3.922 

1.378    L. 

....    3.938 

1.444     ... 

....    3.962 

1.509     ... 

....    3.978 

1.575     ... 

3.545 
3..M5  I 
3..55;^  , 
3.561 
3.569  , 

3.585  I 
3.601  I 
S.625 
3.649 
3.665 

3.689  I 
3.705 
3.721  ' 
•3. 745 
3.761 

3.785 
3.801 

8.818 

I 


3.521 
3.513 
3.613 
3.513 


3.505 
3.497 
3.489 
3.489 


3.521     3.489 


2.62        3.28 


3.529 

3.497 

3.545 

3.505  ' 

3.561 

3.513 

3.  .-.77 

3. 529 

3. 59:* 

3.637 

3.609 
3.626 
3.641 
3.657 


3.553 
3.561 
3.577 
3.593 


3. 678     3. 601 

3.681  3.617  j  , 
3.697  j  3.625  I  ' 
3.713  I  3.641  I 


1.640 

1.706 
1.772 
1.837 
L903 
1.969 

Meters. 

, 

0.-20 

0.30 

3.834 

3.729 

3.657 

8.850 

8.745  1  3.666 

3.866 

3.763 

3.681 

3.874 

3.769 

3.689 

3.890 

3.786 

3.697 

3.906 

3.793 

3.718 

3.922 

3.810 

3.721 

3.980 

3.818 

3.737 

0.40 

0.50 

0.60 

C 

(• 

3.601 

3.601 

3.661 

Z.5:i^^ 

3.537 

3. 529 

3.513 

3.513 

3.497 

3.497 

3.489 

3.481 

3.473 

3.465 

3.465 

3.449 

3.467 

3.440 

3.457 

3.432 

3. 4.57 

3.432 

3.457 

3.432 

3.465 

3.432 

3.465 

3.140 

3.473 

3.440 

3.481 

3.449 

3.497 

3.449 

3.505 

3.457 

3. 513 

3.465 

3.521 

3.465 

3.529 

3.473 

3.637 

3.481 

3.545 

3.489 

3.553 

3.489 

3.561 

3.497 

3.669 

3.505 

3.677 

3.613 

3.586 

3.513 

3.593 

3.521 

3.601 

3.529 

3.617 

3.537 

'    4.92 
C 

'  3.593 

3. 553 

3.529 

I  3.505 

I  3.489 

I  3.473 

3.449  j 
,  3.432 
I  3.424  J 
J  3.416  I 

j  3.408 
3.400 
3.400 
3.400 
3.400 


6.56 

OC 

C 

C 

3.593 

3.594 

3.653 

3.5,% 

3.521 

3.622 

3..'S05 

3.499 

3.481 

.3.481 

8.400 
3.400 
3.400 
3.400 
3.400 

3.400 
3.408 
3.408 
3.408 
3.408 

3.416  I 
3.416 
3.416  I 
3.424  I 
3.424  I 
3.424 


3.473 
3.449 
3.432 
3.416 
3.408 

3.392 
3.892 
3.384 
3.3W 
3.384 

3.876 
3.376 
3.376 
3.376 
3.376 

3.376 
3.376 
3.376 
3. 376 
3.376 

3.:r76 
3.376 
3.376 
3.376 
3.376 
3.376 


1.50       2.00 


head  I). 

Meters. 

0.06 
.06 
.07 
.08 
.09 


3.466 

.10 

3.441 

.12 

8. 422 

.14 

3.406 

.16 

3.392 

.18 

3.380 

.'20 

3.371 

.'22 

3.364 

.24 

3.358 

.26 

3.353 

.28 

3.348 

.30 

3.W3 

.32 

3.338 

.34 

3.333 

.36 

3.328 

.38 

3. 323 

.40 

3.319 

.42 

3. 316 
3.311 
3.306 

3.303 
3.298 
3.294 
3.289 
3.285 
3,282 


QO 


.44 

.46 

.48 

.50 
52 
.54 
.56 
..58 
.60 


This  table,  unfortunately,  is  inconvenient  for  interi)olation  in  English 
unit^.  The  values  also  differ  slightly  from  those  computed  from  the 
formulas.  The  table  illustrates  the  difficulty  of  practical  application 
of  a  weir  formula  in  which  the  coefficient  varies  rapidly  both  with 
head  and  height  of  weir. 
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WEIB    EXPERIMENTS,   COEFFICIENTS,   AND   FORMULAS. 


A  table  has  been  added  giving  values  of  /^  computed  by  formula 
(30)  for  a  thin-edged  weir  without  velocity  of  approach. 

Values  of  n  hi  the  Bazin  formula  for  weirs  of  hijinite  height^  inth  no  veloi-'dy  of  ojiproavh. 


IT. 

Fed. 

0. 

0.01. 

0.02. 

0.03. 

0.04. 

o.a5. 

0.06. 

0.07. 

0.08. 

0.09. 

0.1. 

0.0 

1.389 

0.8970 

0.7331 

0. 6510 

0. 6018 

0. 5693 

O.M57 

0. 5280 

0.5142 

0.5034 

.1 

0.5034 

.4944 

.4870 

.4807 

.4753 

.4706 

.4665 

.  46-28 

.4596 

.  456H 

.  4542 

.2 

.4542 

.4518 

.4497 

.4478 

.4460 

.4444 

.  4429 

.4414 

.  4 101 

.4:i89 

.4378 

.3 

.4378 

.4367 

.  4;«7 

.4^48 

.4339 

.  4331 

.4321 

.4316 

.4:i09 

.4302 

.4-296 

.4 

.4296 

.4290 

.4284 

.4278 

.4*r3 

.4268 

.1264 

.4-260 

.  1-25.5 

.  4251 

.4247 

.5 

.4247 

.  4243 

.4239 

.4*236 

.4-232 

.4229 

.  4225 

.4-222 

.  4219 

.  4216 

.4214  ; 

.6 

.4214 

.4211 

.4208 

.4206 

.4204 

.4202 

.  4200 

.4197 

.4195 

.4193 

.4191 

.7 

.4191 

.4189 

.4187 

.4185 

.4183 

.4181 

.4180 

.4178 

.4176 

.4174 

.4173 

.8 

.4173 

.4171 

.4170 

.4168 

.4167 

.4166 

.4164 

.4163 

.4162 

.  4160 

.4159 

.9 

.4159 

.4158 

.4157 

.4156 

.4154 

.4153 

.  4152 

.4151 

.4150 

.4149 

.4148 

1.0 

.4148 

.4147 

.4146 

.4146 

.4145 

.4144 

.4143 

.4142 

.4141 

.4140 

.4139 

1.1 

.4139 

.4139 

.4188 

.4137 

.4136 

.4136 

.4135 

.4134 

.4i;« 

.4133 

.4132 

1.2 

.4132 

.4131 

.4131 

.4130 

.4129 

.41-29 

.41-28 

.  41-27 

.41-27 

.41-26 

.41-26 

1.3 

.4126 

.4125 

.4124 

.  4124 

.4123 

.4123 

.41-22 

.41-22 

.41-21 

.4121 

.4120 

1.4 

.4120 

.4120 

.4119 

.4119 

.4118 

.4118 

.4117 

.4117 

.4116 

.4116 

.4116 

1.5 

.4116 

.4115 

,4115 

.4114 

.4114 

.4113 

.4113 

.4113 

.4112 

.4112 

.4112  . 

1.6 

.4112 

.4111 

.4111 

.4110 

.4110 

.4110 

.4109 

.4109 

.4108 

.4108 

.4108 

1.7 

.4108 

.4108 

.4107 

.4107 

.4107 

.4106 

.4106 

.4106 

.4105 

.4105 

.4105 

1.8 

.4105 

.4104 

.4104 

.4104 

.4103 

.4103 

.4103 

.4io:i 

.4102 

.4102 

.4102 

1.9 

.4102 

.4102 

.4101 

.4101 

.4101 

.4100 

.4100 

.4100 

.4100 

.4099 

.4099 

2.0 

.4099 

1 

1 1 

DERIVED    FORMULAS    FOR   THIN-EDGED    RECTANGULAR   WEIRS. 

A  number  of  weir  formulas  have  been  derived  from  subsequent 
analysis  or  recomputation  of  the  experiments  of  Francis,  Fteley  and 
Stearns,  and  Bazin,  diflFering  more  or  less  from  those  given  by  the 
experimenters. 

FTELEY  AND  STEARNS- FRAN  CIS  FORMULA.'' 

^=3.33Z//*4-0.0()7y; (34) 

Correction  for  end  contractions  is  to  be  made  by  the  Francis 
formula;  velocity  of  approach  correction  by  the  Fteley  and  Stearns 
formulas 

i/=Z>+1.5A,         for  suppressed  weir. 

JI=D+2,05/i,        for  contracted  weir. 

HAMILTON   smith's   FORMULA.* 


The  base  formula  adopted  is 

2 


Q—  MLnhgll 


(35) 


a  Fteley  and  St*?«ras,  Experiments  on  the  flow  of  water,  etc.:  Traus.  Am.  Soc.  C.  E.,  vol.  12,  p.  82. 
bSmith,  Hamilton,  HydiauUcs,  pp.  12»-1S2. 
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The  velocity  of  approach  correction  is  made  by  the  use  of  the 
formulas 

II=D+lAh^        for  contracted  weirs." 
II=D+lih,         for  suppressed  weirs. 

A  diagram  and  tables  of  values  of  the  coeflBcient  Jf  are  given  by  the 
author.  The  correction  for  partial  or  complete  contraction  is  included 
in  the  coefficient,  separate  values  of  Jf  being  given  for  suppressed  and 
contracted  weirs. 

flaking  0=:j  ^4^9 't  the  Smith  formula  (35)  may  be  written 

which  is  directly  comparable  with  the  Francis  formula. 

Smith's  coefficients  in  the  above  form  are  given  in  the  following 
tables. 

Hamilton  Smith* n  coefficients  for  vyeira  imth  contraction  suppressed  at  both  ends,  for  use  in 

tJie  formula  Q=CLlfi. 


Head, 
in  feet. 

19 

16 

J/=\engt 

10      j      7 

h  of  weir,  in  fee 

5       I       4 

t 

t. 

3- 

2n 

0.666 

0.1 
.15 

3.515 
3.440 

3.515 
3.445 

3.620 
3.445 

3.520 
3.4.'>1 

3.526 
3.451 

3.611 
3.M2 

3.461 

3.472 

3.488 

.2 

3.397 

3.403 

3.408 

8.408 

3.413 

3.429 

3.435 

3.4.% 

3.510 

.25 

3.371 

3.376 

3.381 

8.386 

8.392 

8.403 

3.413 

3.429 

3.494 

.3 

3.^9 

3.364 

3.360 

3.865 

3.376 

3.386 

3.403 

3.418 

3.483 

.4 

3.322 

3.328 

3.333 

3.344 

3.860 

3.371 

3.386 

3.403 

3.478 

.5 

3.312 

3.317 

3.322 

8.388 

3.354 

3.371 

3.386 

3.408 

3.478 

.6 

3.806 

3.312 

3.817 

8.833 

3.354 

8.371 

3.392 

3.413 

3.483 

.7 

3.306 

3.312 

3.317 

3.388 

3.860 

3.376 

3.397 

8.424 

3.494 

.8 

3.306 

3.317 

3.322 

8.844 

3.365 

3.386 

3.408 

3.441 

3.610 

.9 

3.312 

3.317 

8.328 

8.354 

3.376 

3.897 

3.418 

3.451 

1.0 

3.312 

3.322 

3.838 

8.360 

3.386 

3.408 

8.429 

8.467 

1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
2.0 

3.817 
3.317 
3.322 
3.328 
3.328 
3.333 
3.333 

3.328 
3.333 
3.338 
3.344 
3.344 
3.349 
3.349 

3.344 
3.349 
3.860 
8.365 
3.371 
3.376 
3.881 

8.371 
3.381 
3.386 
3.392 
3.403 
3.408 
3.413 

3.397 
3.403 
3.413 
3.424 
3.429 
3.436 

3.419 
3.429 
8.440 
3.446 
8.456 
8.461 

3.445 
3.466 
3.467 

i 



i 

1 

a  The  u«e  of  the  head  corresponding  to  central  surface  velocity  without  correction,  to  determine  i), 
i^  also  recommended, 
b  Approximate. 
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HamiUon  SnxUh^n  coefficieiitiA  for  weirs  icith  two  compleU'  end  rovttractioiWt  for  use  »h  fh^ 

formula  Q^dLIl"^^. 


L'=leiigth  (if  weir,  iji  feet. 


Head. 

0.66 
3.381 

la 
3.419 

2 
3.4.ft6 

2.6 
3.478 

3 
3.488 

4 

5       ' 

1 

3.494  ' 

7 
3.499 

10 

.3.504 

1ft 
3.  .504 

,9 

0.1 

3.494 

:i.  ftio 

.1ft 

3.312 

3.344 

3.392 

3.408 

3.413 

3.419 

3. 424 

3. 424 

3.4'29 

3. 43.^ 

3. 43.^ 

.2 

3.269 

3.  :i06 

3.a49 

3.3(ift 

3.371 

3. 376 

3. 376 

3.:wi 

3. 384*. 

3.  :W2 

3. 392 

.'2J^ 

3. 237 

3. 274 

3. 322 

3.333 

3.:^W 

3.  :t44 

3.349 

3.  :J.^v4 

3.:t60 

3.:i60 

3.  •Ml'^ 

.3 

3.21ft 

3.2iS3       3.296 

3.306 

3. 312 

3.322 

3.:i22  1 

3.  'X^\ 

3.  :i3S 

3.33s 

3.344 

A 

3.183 

3.21ft  1     3.'2.ftH 

3.274 

3.280 

3.  -iKft 

3.290 

3.3(H 

3.:uh; 

3.:n2 

:1.317 

.ft 

3.  Ift6 

3. 1S9       3.  '237 

3.247 

3.2.'>3 

3. 264 

3.269 

3.280 

3.290 

3.  '29ft 

3.:i01 

.0 

3.140 

3. 172 

3.21ft 

3.  231 

3.237 

3. 247 

3. 2.^3  . 

3. 2»;9 

3. 280 

3.  *28ft 

3.  '290 

.7 

3.130 

3.156 

3.199 

3.210 

3.226 

3.2:11 

3. 242 

3.2ftS 

3. '274 

3.  '280 

3.286 

.M 

3.18:^ 
3.167 

3.199 
3.189 
3. 172 

3.21ft 
3.199 
8.183 

3.  221 
3.210 
3.199 

3.2:^1 
3. 22t; 
3.2Ift 

3. 247 
3.242 
3. 2:11 

3. 2<»9 
3.2.'>:i 

3. '27  4 
3.  '269 
3. '264 

3.  280 

.9 

3.  '274 

1.0 

3.1ft6 

:{.'269     ' 

l.l 

3,140 

3.162 
3.  l.ftl 

3.172 
3.162 

3. 1H9 
3.178 

3. -205 
3.194 

3. 226 
3. 21ft 

3. 242 

3.2:c 

3.  'Jfts 
3.  -2.5:1 

3.264 

1.2 

3.i:« 

.S.264 

1.3 

3.114 
3.103 

3.13ft 
3. 124 

3.151 
3.140 

3. 167 
3.156 

3.199  I 

3. 178  ! 

:{.'206 
3.199 

3.  2:11 
3. 2*21 

3. 247 
3.  '242 

3.  '2.58 

1.4 

3.  '2.58 

l.ft 

3.114 

3.1.30 

3.1ftl 

3.167 

3.189 

3.21.-) 

3.237 

3. '253     1 

1.6 



3.103 

3.114 

3.140 

3.162  \ 

3.183 

:i.2io 

3.  '231 

3.247     ' 

1.7 

3.178 

3.2a5 

3. '2-26 

3.  '247 

2.0 

1 

' 

'« Appmxlmate. 
Hamilton  Smith^a  coefficient  C  for  long  weiri. 


H 

0.1 

0.2 

0.00 

3.5096 

3.3972 

.01 

3.4957 

3.3908 

.02 

3.4818 

3.3844 

.03 

3.4678 

3.3780 

.04 

3.4539 

3.3716 

.05 

3.4400 

3.3652 

.06 

3.4314 

3.3537 

.07 

3.4229 

3.8512 

.08 

3.4143 

3.8488 

.09 

3.4058 

3.3463 

0.3 

0.4 

3.3438 

8. 3170 

3.3411 

3. 3154 

8.3384 

3.3138 

3.3358 

3.3122 

3.3381 

3.3106 

3.3304 

3.3090 

3.3*277 

,3.8074 

3.3250 

3.3068 

3.3'224 

3.3042 

3.3197 

3. 3026 

0.7 


3.3010 

3.  '29ft6 

:i.2849 

3. 3005 

3.2945 

3.  '28:18 

1  3. '2999 

3.293.5 

3.2828 

3. '2994 

3.  •29'24 

3. '2817 

3. '2988 

3.2913 

3.  '280<J 

3.2983 

3.290'2 

3. -2796 

,  3.2978 

3.  "2892 

3. 2785 

3.2972 

3. '2881 

3.  '2773 

3.2967 

3.  '2870 

3.2762 

3. '2961 

3. '2860 

:i. -27.^2 

Hamilton  Smith's  formula  is  ba^ed  on  a  critical  discu.ssion  of  the 
experiments  of  Lesbros,  Poncelet  and  Lesbros,  James  B.  Francis, 
Fteley  and  Stearns,  and  Hamilton  Smith;  including  series  with  and 
without  contractions  and  having  crest  lengths  from  i).^^  to  19  feet. 
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SMTTH-FRANCia   FORMULA. 

The  Smith-Francis  f  oiinula,^  based  on  Francis's  experiments,  reduced 
to  the  basis  of  correction  for  contractions  and  velocity  of  approach 
used  with  Hamilton  Smith's  formula,  is, 
for  a  suppressed  weir, 

Q=^.2^  Cl+^^^H^ (36) 

for  weir  of  great  length  or  with  one  contraction, 

(>=^8.29Zi7* (37) 

for  weir  with  full  contraction, 

(i>-3.29  (^Z-g)zr* (38) 

If  there  is  velocity  of  approach, 

II=D+1A  A,         for  a  contracted  weir. 
JI=D+li  A,        for  a  suppressed  weir. 

parmley's  formula.* 
Parmley's  formula  is 

Q=aKLD^ (39) 

If  there  are  end  contractions,  the  correction  is  to  be  made  by  the 
Francis  formula, 

The  factor  X represents  the  correction  for  velocity  of  approach. 
The  factor  has  been  derived  by  comparing  the  velocity  correction 
factor  in  the  Bazin  formula  (formula  32),  written  in  the  form 


jr=[.+o.5^».).]. 


with  the  approximate  Francis  correction  as  deduced  by  Hunking  and 
Hart  (formula  23),  written  in  the  form 


ir:-ri+0.2489^^y"|. 


where  a  is  the  area  of  the  section  of  discharge,  for  either  a  suppressed 
or  contracted  weir,  and  A  is  the  section  of  the  leading  channel.  It  is 
observed  that  there  is  an  approximately  constant  relation  between  the 
two  corrections,  that  of  Bazin  being  2.2  times  that  of  Francis. 

a  Smith.  CamUton,  Hydraulics,  pp.  99  and  137. 

fr  Rafter,  G.  W.,  On  the  flow  of  water  over  damn:  Trans.  Am.  See.  C.  E.,  vol.  44,  pp.  36(>-3f»9,  dlaouB- 
sion  b^r  Walter  C.  Parmley. 
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Parmley  adopts  the  Bazin  correction  and  gives  the  following  table, 
which  may  also  conveniently  be  applied  in  computing  discharge  by 
Bazin's  formula. 

The  discharge  coefficient  C  used  by  Parmley  is  that  for  a  weir  with 
no  velocity  of  approach,  as  in  the  Francis  formula.  It  is  not,  how- 
ever, constant.  Its  values  have  been  deduced  from  a  mean  curve  rep- 
resenting the  experiments  of  Francis,  Fteley  and  Stearns,  and  Bazin. 

Velocity  of  approach  correction,  A',  Parmley  and  Bazin  formulae. 


a 
A 

0 

0.1 

0.00 

1.0055 

.01 

l.OOOl 

1.0066 

.02 

1.0002 

1.0079 

.03 

1.0005 

1.0093 

.04 

1.0009 

1.0108 

.05 

1.0014 

1.0124 

.06 

1.0020 

1.0141 

.07 

1.0027 

1.0159 

.08 

1.0036 

1.0178 

.09 

1.0044 

1.0198 

0.2 

1.0220 
1.0243 
1.0266 
1.0291 
1.0317 
1.0344 
1.0372 
1.0401 
1.0431 
1.0463 


0.3 

l.(M95  I 
l.a529  I 
1.0663 
1.0599  I 
1.0636 
1.0674  ! 
1.0713  I 
1.0753  I 
1.0794  I 
1.0837  , 


0.4 

0.5 

1.0880 

1. 1375 

1.0925 

1.1431 

1.0970 

1.1487 

1.1017 

1.1545 

1.1066 

1.1604 

1.1114 

1.1664 

1.1164 

1.1726 

1.1215 

1. 1787 

1.1267 

1.1850 

1.1321 

1. 1915 

Parmley^ s  weir  fomnula^  coefficient  C. 


feet. 


0.0 
.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 


0.00 


0.01 


0.02 


0.05 


0.08 


0.09 


3.580 
3.478 
3.420 
3.385 
3.368 
3.358 
3.361 
3.346 
3.340 
3.334 
3.329 
3.324 
3.319 
3.313 
3.307 
3.801 
3.296 
3.290 
3.285 
3.280 


3.668 
8.471 
8.416 
3.383 
3.367 
3.357 
3.351 
3.345 
3.339 
3.334 
3.328 
3.324 
3.318 
3.312 
3.306 
3.301 
3.295 
3  290 
3.285 


3.556 
3.464 
3.412 
3.381 
3.366 
3.356 
3.350 
3.345 
3.339 
3.333 
3.328 
3.323 
8.318 
8.312 
3.306 
3.300 
3.295 
3.289 
3.284 


8.M4 
3.458 
3.408 
3.380 
8.364 
3.366 
3.350 
8.344 
8.338 
3.332 
8.328 
3.322 
8.317 
3.311 
3.306 
3.300 
3.294 
3.288 
3.2*4 


8.532 
8.451 
3.404 
3.378 
3.363 
3.355 
3.349 
3.344 
3.338 
3.332 
3.327 
3.322 
3.317 
3.311 
3.3a'J 
8.299 
3.294 
3.288 
3.283 


3.520 
3.441 
3.400 
3.376 
3.362 
3.354 
3.349 
3.343 
3.337 
3. 3.'^2 
3. 326 
3.322 
3.316 
3.310 
3.304 
3.298 
3.293 
3.288 
3.282 


3.512 
3.439 
3.397 
3.374 
3.361 
8.353 
3.348 
3.342 
3  336 
8.331 
3.326 
3. 321 
3.315 
3.309 
3.303 
3.298 
3.292 
3.28' 
3.282 


a  i 


3.503  ! 

3.434 

3.394  I 

8.373 

3.360  I 

3.353 

3.348  I 

3.342  ' 

3.336 

3.830  I 

3.326  I 

3.320 

3.315 

3.309 

3.303 

3  298 

3.292 

3.286 

3.282 


3.495 
3.430 
3.391 
3.371 
3.360 
3.362 
3.347 
3.341 
8.835 
3.830 
3.325 
3.320 
3.314 
3.308 
3.302 
3.297 
3.291 
3.286 
3.281 


3.486 
3.426 
3.388 
8.870 
3.359 
3.352 
3.347 
3.341 
3.336 
3.329 
3.324 
3.320 
3.314 
3.308 
3.802 
3.296 
3.291 
3.285 
3.280 


I 


I 


I 


I 


I 
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EXTENSION  OF  THE  WEIR  FORMULA  TO  HIGHER  HEADS. 

It  will  be  noticed  that  all  the  accepted  formulas  for  discharge  over 
thin -edged  rectangular  weirs  are  based  on  experiments  in  which  the 
head  did  not  exceed  2  feet  above  crest.  It  is  often  desirable  to  utilize 
the  weir  for  stream  gagings  where  the  head  is  greater,  especially  for 
the  determination  of  maximum  discharge  of  streams,  the  head  fre- 
quently being  as  large  as  6,  8,  or  even  10  or  12  feet. 

In  the  experiments  at  Cornell  University  on  weirs  of  irregular  sec- 
tion it  was  often  necessary  to  utilize  depths  on  the  standard  weir 
exceeding  the  known  limit  of  the  formula.  A  series  of  experiments 
was  accordingly  carried  out  in  which  a  depth  on  a  standard  thin-edged 
weir  (16  feet  long)  not  exceeding  the  limit  of  the  formula  was  utilized 
to  determine  the  discharge  over  a  similar  but  shorter  standard  thin- 
edged  weir  (6.56  feet  long)  for  depths  up  to  approximately  5  feet.'' 
The  results  of  these  experiments,  as  recomputed,  eliminating  slight 
errors  in  the  original,  are  given  below. 

It  will  be  noted  that  the  weir  was  short  and  the  velocity  of  approach 
relatively 'large,  yet,  according  to  the  results  when  corrected  by  the 
Francis  method,  the  average  value  of  C  for  heads  from  0.75  to  4. 85 
feet  is  3.296,  or  98.88  per  cent  of  the  Francis  coefficient  for  a  thin- 
edged  weir.  The  average  value  of  6^  for  heads  from  0.746  foot  to  2 
feet  is  3.266,  and  for  heads  from  2  to  4.85  feet,  3.278. 

United  States  Deep  Waterways  ejcperimeids  at  Cornell  hydraulic  laboratory  for  extension  of 

thin-edged  weir  formrda. 


Standard  weir,  16 
feet  long.  13.13 
feet  high. 

Low 

pr  thin-edged  weir: 

/'=5.2,  A- 

6.56. 

0,  cubic 
feet  per 
second, 
per  fool 

(cor- 
rected). 

Cor.  A 
longi- 
tudinal, 
piezome- 
ter, centi- 
meters. 

Q,Bazin 
formnla, 
in  cubic 
feet  per 
second. 

Observed 
P,  flush, 
piezome- 
ter, centi- 
meterft. 

in  feet. 

J) 

K 

Hunking 

and 

Hart. 

//i 

11' 

1 

2 

3 

4 

5 

6 

- 
7 

H 

»_ 

12.28 

14.12 

22.744 

0. 7462 

0.1256 

1.0041 

0.6469 

2. 1066 

3.256 

15.30 

19.42 

27.a55 

.9139 

.  1495 

Loa-vi 

.87H7 

2. 9143 

3.317 

18.39 

25.35 

33. 175 

1.0885 

.1731 

1.0075 

1.1434 

3.818;S 

3.331 

21.66 

32.24 

39.419 

1.2933 

.1992 

1.0099 

1.4849 

4.  .H6S5 

3. 279 

24.16 

37.86 

44.000 

1.4436 

.2173 

1.0122 

1.7564 

5. 7252 

3.260 

27.21 

45.13 

49.699 

1.6306 

.2387 

1.0141 

2. 1116 

6.838;^ 

3. 23<; 

30.16 

52.62 

56.213 

1.8116 

.2583 

1.0166 

2. 4787 

7.9750 

3. 218 

30.22 

52.77 

55.128 

1.8088 

.2581 

1.0166 

2.4730 

7.9977 

3.234 

37.90 

73.46^ 

68.238 

2.2389 

.3010 

1.0225 

3. 4254 

11.1516 

3.226 

44.22 

92.79 

80.566 

2.6434 

.3370 

1.0283 

4.4193 

14.0960 

3.190 

59.00 

143.90 

106.639 

3.4660 

.4000 

1.0398 

6. 6095 

21.8902 

3.  .312 

74.22 

202.37 

130.286 

4. 2747 

.4512 

1.05(M 

9.2867 

30.8008 

3.317 

81.69 

233.81 

.142. 557 

4.6773 

.  473.^ 

1.0557 

10. 6789 

35.6933 

3.333 

a  Rafter,  G.  W.,  On  the  flow  of  water  over  dams:  Trans.  Am.  Soc.  C.  K..  vol.  44,  p.  397. 
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If  it  is  borne  in  mind  that  the  influences  which  go  to  make  up  vari- 
ation in  the  weir  coefficient  are  more  potent  for  low  than  for  larger 
heads,  it  may  be  Confidently  asserted  that  the  Francis  formula  is  appli- 
cable within  2  per  cent  for  heads  as  great  as  5  feet,  and  by  inference  it 
is  probably  applicable  for  much  greater  heads  as  well. 

COMPARISON  OF  WEIR  FORMULAS. 

The  later  weir  formulas  all  give  results  agreeing,  for  the  range  of 
beads  covered,  within  the  limit  of  accuracy  of  ordinary  stream  meas- 
urements. Which  of  the  several  formulas  to  u.se  will  be  determined 
by  convenience  and  b}'  the  conditions  attending  the  measurements. 

The  Francis  formula  is  applicable  for  weirs  with  perfect  bottom 
contraction  and  for  any  head  above  0.50  foot. 

The  Hamilton  Smith,  Fteley  and  Stearns,  and  Bazin  formulas  are 
more  accurate  for  very  slight  heads,  or  where  lK)ttom  contraction  is 
imperfect,  this  element,  which  tends  to  increase  discharge,  being 
included  in  the  larger  velocity  of  approach  correction.  These  for- 
mulas are,  however,  based  on  experiments  none  of  which  exceeded  2 
feet  head,  and  they  have  not  been  extended. 

For  suppressed  weirs  in  rectangular  channels  having  conditions 
closely  duplicating  Bazin's  experiments,  his  formula  is  probably  most 
applicable.  The  head  should  preferably  be  measured  in  a  Bazin  pit, 
opening  at  the  bottom  of  the  channel,  16.4  feet  upstream  from  the 
weir.  In  a  suppressed  weir,  if  the  napp)e  is  allowed  to  expand  later- 
ally after  leaving  the  weir,  the  computed  discharge  by  any  of  the  for- 
mulas should  be  increased  from  one-fourth  to  one-half  of  1  per  cent. 

Cmnparatire  discharge  by  variotm  formulae  over  weirs  of  great  height  and  length;  no  end 
contraHions  nor  velocity  of  approach,  f^ 


Formula. 


Coefficient  (\  for  hea^ls  ranging  from 
0.20  to  4  feet. 


Per  cent  of  discharge  by  Francis 
formula  for  heads  ranging  from 
0.20  to  4  feet. 


Caatel 3.48?2 

Boileau |  3.S455 

3.4025 

3.33 

3.5004 

3.642684 

3.3800 


WeiBbach 

Francis 

Fteley  and  Stearns 

Bazin 

Fteley-Steanw- Francis. 

Hamilton  Smith 3. 3972 

Smith  Francis 3. 29 

Parmley 3. 478 

East  Indian  engineers —   3. 488 


0..% 

1.00 

4.00 

3. 4872 

3. 4872 

3.4872 

3.34.56 

3.3455 
3.3136 
8.38 

3.3455 

3.3» 

3.33 

3.3269 

3.317 

3.3109 

3.406094 

8.32669«> 

3.26783 

3.3300 

3.319 

3. 31876 

3.3010 

3.284 

3.284 

3.29 

3.29 

3.29 

3.368 
3.472 

3.3^ 
3.446 

3.285 

0.20 

104.616 
100.365 
102.075 
100.00 
106.012 
109.281 
101.400 
101.916 
98.70 
104.340 
104.640 


104. 
100. 


100. 


99. 

98. 
101. 
104. 


50 

1.00 

616 

104.616 

365 

100.866 

99.408 
100.0 

0 

807 

99.51 

183 

99.801 

90 

99.570 

030 

98.520 

70 

98.70 

040 

100.020 

16 

103.35 

4.00 

104.616 
100.365 

100.0 
99.827 
98.086 
99.412 


98.560 


a  Computed  by  H.  R.  Beebe,  (;.  K 
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TahU  showing  comparative  discharge  per  foot  of  crest  for  suppressed  weirs  of  various 
lengthsy  heads^  and  t^elocities  of  approach,*^ 


Length  {L) 

Heiifht(P) 

Head  (Z>) 

Approximate  velocity  of  approach  (r) . 


2 
1 

1.0 
1.90 


Cartel ■  3.7822 

3.8630 
3.  5373 
3.  7268 
3.  7845 
3.  7297 
3.9220 
4.a581 
3.  7924 


2 

2 

1.0 

1.18 


Boiieau 

Francis , 

Fteley  and  Steams 

Bazin 

Fteley-Steams-Francis  , 

Hamilton  Smith 

Smith-Francis 

Farmley 


Average. 


6127 
5484 
4218 
4729 
3766 
4752 
6392 
7109 
5337 


10 
2 

1.0 
1.16 

3.6217 
3.5484 
3. 4218 
3. 4730 
3.3766 
3.  4752 
3.  4872 
3. 4847 
3.5337 


3.800       3.532    .  3.490 


10 
4 

1.0 

.68 

3.5308 
3.  4144 
3.  3632 
3.3669 
3,4002 
3.3690 
3.3878 
3.3876 
3. 3347 


10 

4 
4 

2.15 


30.3037 
30.9046 
28.2983 
29.  7470 
29.  7555 
29.7000 

31. 573 


3.395  I  30.040 


a  Computed  by  H.  R.  Beebe,  C.  E. 
COMPARISON   OF  VARIOUS  VELOCITY   OF  APPROACH   CORRECTIONS. 

The  various  modes  of  correction  for  velocity  of  approach  used  by 
different  investigators  can  be  rendered  nearly  identical  in  form,  vary- 
ing, however,  in  the  value  of  the  coefficient  or  adopted. 

Comparative  coeffiHerds  of  correction  for  velocity  of  approach  for  thin-edged  vmrs  vnth  end 

contractions  suppressed. 


Experimenter. 

Value  of  a  In  the  for- 
inula  H^D^^a^g 

a=1.8 

ValueR  of  M  in 
the  formula 

Boiieau 

LeBbros 

a=1.56 
a=1.5 

Fteley  and  Steams 

Francis 

a:=1.69or.^ 

''63=0.2489 

Bazin 

<w— 0.55 

lEmeraon. 

b 

Hunking  and  Hart. 

The  above  values  were  all  derived  from  experiments  on  thin-edged 
weirs.  Bazin's  experiments  covered  the  larger  mnge  of  velocities  and 
were  most  elabomte.  It  may  be  noted  that  the  correction  applied  by 
Bazin  is  two  and  two-tenths  times  that  of  Francis  for  a  given  velocity 
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of  approach.     Bazin's  correction  is,  in  effect,  an  increase  in  the  meas- 
ured head  of  1.69  times  the  velocity  head,  while  Francis  increases  the 

2    111 
measured  head  by  an  amount  ^  a/t^  ^^^s  than  the  velocity  head  accord- 
ing to  Emerson's  formula. 

Ratio  of  th'  mrioiut  corrections  for  velocitiy  of  approach  for  MipprcMcd  weirs. 


Bazin  .T 

Fteley  and  Stearns  . 
Hamilton  Smith  ... 
Francifi 


azin. 

Fteley  and 
Steams. 

Hamilton   , 
Smith. 

Francis. 

1.000 

1.127  , 

1.271 

2.2 

.887 

1.000 

1.128 

l.a57 

.789 

.887 

1.000 

1.7:^ 

.454 

.511 

.  576 

1.000 

_ 





_ 

The  factors  in  the  above  table  are  not  strictly  accurate,  for  the  rea- 
son that  the  expressions  used  to  deduce  the  equivalents  from  the  dif- 
ferent formulas  are  in  some  cases  approximations.  They  serve  to 
illustrate  the  relative  magnitude  of  the  different  corrections  for  thin- 
edged  weirs  without  end  contractions.  For  thin-edged  weirs  with  end 
contraction,  Hamilton  Smith  uses  the  coefficient  a=lA  and  Fteley  and 
Stearns  give  the  coefficient  ^=2.05. 

There  are  no  experiments  available  relative  to  the  value  of  the 
velocity  correction  for  other  than  thin-edged  weirs.  It  is  necessary, 
therefore,  to  utilize  the  values  above  given  for  weirs  of  irregular  sec- 
tion. It  will  be  seen  that  it  matters  little  in  what  manner  the  correc- 
tion for  velocity  of  approach  is  applied,  either  by  directly  increasing 
the  observed  head,  as  in  the  formulas  of  Hamilton  Smith  and  Fteley 
and  Stearns,  or  by  including  the  correction  in  the  weir  coefficient,  as 
is  done  by  Bazin,  or  by  utilizing  a  special  formula  to  derive  the  cor- 
rected head,  after  the  manner  of  JamesiB.  Francis.  The  three  methods 
can  be  rendered  equivalent  in  their  effect. 

The  important  point  is  that  the  corrected  result  must  be  the  same  as 
that  given  by  the  author  of  the  formula  which  is  used  to  calculate  the 
discharge.  As  to  the  relative  value  of  the  different  modes  of  apply- 
ing the  correction,  it  may  be  said  of  that  of  Francis,  that  in  its  original 
form  it  is  cumbersome,  but  it  renders  the  correction  independent  of 
dimensions  of  the  leading  channel,  as  do  also  the  formulas  for  correc- 
tion used  by  Hamilton  Smith,  and  Fteley  and  Stearns.  Inasmuch  as 
the  velocity  head  is  a  function  of  the  discharge,  successive  approxima- 
tions are  necessary  to  obtain  the  final  corrected  head  by  any  one  of 
these  three  formulas. 

By  using  the  Hunking  and  Hart  formula  the  correction  for  the 
Francis  weir  formula  becomes  fairly  simple,  as  it  does  not  require  the 
determination  of  the  mean  velocity  of  approach  by  successive  approxi- 
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matioQS,  but  to  apply  this  formula  it  is  necessary  to  know  the  dimen- 
sions of  the  leading  channel  and  of  the  weir  section.  The  approxima- 
tion given  by  Emerson  is  also  much  simpler  than  the  original  Francis 
formula. 

Bazin's  method  of  including  the  velocity  correction  in  the  coefficient 
makes  the  weir  coefficients  obtained  by  the  experiments  comparable 
one  with  another  only  when  both  the  head  and  velocity  of  approach 
are  the  same  in  both  cases. **  His  correction  also  involves  the  diraen* 
sions  of  the  leading  channel  as  factors.  Obviously,  in  the  cas6  of 
many  broad-crested  weirs  Utilized  for  measuring  flow,  the  dimensions 
of  the  leading  channel  can  not  be  ascertained  accurately  and  there  is 
great  variation  of  velocity-  in  different  portions  of  the  section  of  ap- 
proach. It  becomes  necressary  that  the  correction  should  be  in  such  a 
form  that  it  is  a  function  of  the  velocity  and  not  of  the  channel 
dimensions. 

It  is  to  be  noticed  that  where  an  attempt  has  l>een  made  in  the 
weir  experiments  to  eliminate  velocity  of  approach  effect  from  the 
coefficient  the  velocity  has  been  nearly  equalized  by  screens  and  has 
been  determined  by  successive  approximations.  It  is  suggested  that 
where  the  velocities  vary  widely  they  be  determined  by  current 
meter  in  several  subdivisions  of  the  section,  the  approximate  integral 
kinetic  energy  estintiated,  and  a  value  of  a  selected  depending  on  the 

ratio  of  -r  so  obtained,  where  A  is  the  velocity  head  corresponding  to 

the  mean  velocity  and  A'  is  the  velocity  head  which  would  result  if  the 
actual  velocities  were  ecjualized.  Inasmuch  as  the  surface  velocity 
usually  exceeds  the  mean  velocity  in  the  channel  of  approach  in  about 
the  same  ratio  that  A'  exceeds  A,  the  suggestion  is  made  by  Hamilton 
Smith*  that  where  the  velocity  of  approach  is  unavoidably  variable, 
or  the  boundaries  of  the  current  are  uncertain,  the  surface  velocity  v^ 
be  measured  by  floats  and  applied  directly  in  the  determination  of  the 
(]uantity  L 

The  variations  in  discharge  over  a  thin-edged  weir,  by  the  different 
formulas,  are  often  less  than  the  difference  in  the  correction  for  velocity 
of  approach  w^ould  indicate.  In  the  formula  of  Fteley  and  Stearns,  as 
compared  with  Francis,  for  example,  the  larger  velocity  correction  is 
in  part  compensated  by  a  smaller  weir  coefficient,  and  the  same  is  true 
of  the  formulas  of  Hamilton  Smith  and  Bazin  for  cases  where  the  head 
is  large. 

a  See  special  diacuaHion  of  the  point,  p.  63.  <>  Smith,  Hamilton,  Hydraulics,  p.  84. 
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END  CONTRACTIONS— INCOMPLETE  CONTRACTION. 

The  formula  for  end  contractionn  deduced  by  Janiej^  B.  Francis  is 
very  generally  used.  The  correi^tion  is  made  to  the  len^h  of  weir, 
the  result  obtained  being  the  length  of  a  suppressed  weir  that  will 
give  the  same  discharge. 

L=L'-hm/ (40) 

b  —A  coeflScient,  the  value  of  which,  deduced  by  Francis,  is 

h=OA, 
Z'  =  Actual  length  of  weir  crest. 
Z  =  Length  of  equivalent  suppressed  weir  crest. 
TV'^  Number  of  end  contractions. 
//=  Effective  head,  feet. 

The  experiments  of  Fteley  and  Stearns,''  while  somewhat  discordant, 
indicate  an  average  value  of  h  for  heads  from  0.3  to  1  foot,  of  about 
0.1.  The  value  of  b  apparently  decreases  as  the  he^id  increases.  It 
also  decreases  if  the  end  contraction  piece  is  so  near  the  side  of  the 
channel  as  to  render  the  contraction  incomplete. 

Hamilton  Smith  shows  that  side  contractions  and  bottom  or  crest 
contraction  are  mutually  related,  and  that  the  side  width  of  the  chan- 
nel of  approach  should  be  fully  three  times  the  least  dimension  of  the 
weir.  Usually  Z  is  much  greater  than  //,  and  the  side  width  may  be 
made  at  least  as  great  as  SH.  The  specification  of  Francis  is,  side 
width  >  //. 

Smith's  rule  indicates  that  to  provide  complete  contraction  the  area 
of  leading  section  A  must  bear  a  relation  to  the  area  of  weir  section  a 
depending  upon  the  relative  head  and  length  of  crest. 

For  three  weirs  of  equal  section  a,  the  following  values  of  A^  the 
necessary  channel-section  area,  are  given: 


Z'  =  1'2 

//=   1 

rt=12 

A—  l-2=6ii 

L'=  4 

//=  3 

a^V2 

J.  =  264=2.2« 

Z'=  1 

JI=V2 

a=V2 

^4  =  105  =  8. 7a 

Hamilton  Smith  prefers  to  use  separate  coefiicients  for  suppressed 
weirs  from  those  for  contracted  weirs,  the  relation  between  the  coeffi- 
cients being  expressed  by  the  formula 

6;=6;(i+3|) (41) 

Q,= Coefficient  for  partially  suppressed  weir,  as  with  complete  sup- 
pression on  sides  and  full  contraction  at  bottom. 

a  Fteley  and  Steams,  Experiments  on  the  flow  of  water,  etc:  Trans.  Am.  Soc.  C.  K.,  vol.  12,  pp. 
lOS-118. 
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C<r= Coefficient  for  completely  contracted  weir. 

jr= Least  dimension  of  weir,  whether  L  or  //. 

R  =:  Wetted  perimeter  of  weir=Z+2//. 

y  =  Distance  from  an}'  side  of  weir  to  the  respective  side  of  channel, 

where  there  is  partial  suppression. 
S  —  I^ength  of  sides  on  which  there  is  partial  suppression. 

Smith's  values  of  contraction  coefficient  z  in  formula  31  are 


YIX 

z 

3 

0.000 

2 

.005 

1 

.025 

i 

.06 

0 

.16 

The  ratio  1^  X approximately  measures  the  amount  of  contraction.*' 

Bazin  does  not  give  a  formula  for  weirs  with  end  contractions.    The 

Bazin  formula  may  be  applied  to  weirs  in  which  the  height  of  weir  is 

so  small  that  the  bottom  contraction  is  partially  suppressed.     The 

Bazin  coefficient  then  includes: 

1.  Effect  of  contraction  from  surface  curve. 

2.  Effect  of  crest  contraction  and  its  modification  by  both  velocity 
of  approach  and  by  partial  suppression,  if  any. 

3.  Effect  of  velocity  of  approach  proper. 

4.  Effect  of  distribution  of  velocities  in  channel  of  approach. 

5.  Loss  of  head  from  friction  and  eddies. 

As  the  Bazin  weirs  were  very  low,  and  these  factors  go  to  increase 
the  correction  necessary,  it  will  be  seen  that  the  relatively  large 
velocity  of  approach  correction  required  by  Bazin^s  formula  may  be 
readily  accounted  for. 

The  experiments  of  Flinn  and  Dyer  on  the  Cippoletti  weir  (see 
p.  48)  indicate  that  the  effect  of  end  contraction  may  be  somewhat 
greater  than  that  indicated  by  the  Francis  formula.  Any  experiments 
in  which  similar  volumes  of  water  have  been  successively  passed  over 
weirs  with  and  without  end  contractions  may  be  utilized  to  determine 
the  effect  of  such  contractions. 

It  may  be  added  that  a  more  elaborate  study  of  end  contractions  is 
desirable.  It  is  to  be  borne  in  mind,  however,  that  to  secure  greater 
accuracy  in  this  regard  a  more  complicated  or  variable  correction  than 
that  of  Francis  must  probably  be  used,  and  the  result  will  be  to  greatly 
increase  the  labor  of  weir  computations  in  the  interest  of  what  is 
usually  a  comparatively  small  matter,  the  better  remedy  being  prob- 
ably the  use  of  weirs  with  end  contractions  suppressed,  wherever 
practicable. 


a  Smith,  Hamilton,  Hydraulics,  pp.  118-123.  Smith's  critical  discussion  of  this  subject  will  be 
found  of  value  in  calculating  dischaige  for  wein  with  partially  suppreased  contraction  either  at  sides 
or  bottom. 
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COMPOUND  WEIR. 

A  weir  with  a  low-water  notch  depressed  below  the  general  crest 
level  may  sometimes  be  used  to  advantage  in  gaging  small,  variable 
streams.  The  discharge  over  such  a  weir,  constructed  with  end  con- 
tractions on  both  sections,  can  be  calculated  as  for  two  separate  weirs, 
the  lower  short  section  having  end  contractions  for  all  heads.  The 
flow  over  the  two  upper  sections  is  computed  as  for  a  suppressed  weir. 

Such  a  weir  has  been  used  for  the  determination  of  the  low-water 
flow  of  very  small  streams,  for  which  purpose  it  is  well  adapted,  the 
entire  stream  when  at  low  stages  flowing  in  the  central  notch,  in  a 
stream  relatively  deep  and  narrow. 

The  measurement  of  very  thin  sheets  of  water  on  a  broad  weir  is 
subject  to  peculiar  difficulties,  including  uncertainty  of  coefficient, 
adhesion  of  nappe  to  weir  face,  dispersion  by  winds,  and  a  large  per- 
centage error  in  the  results  if  there  is  a  small  error  in  meai>uring  the 
head. 

TRIANGULAR  WEIR. 

GENERAL   1;X)RMULA. 

Referring  to  fig,  4,  we  may  write 

l:H-y::L:H, 


Substituting,  in  equation  (4), 

=  f.^  L  4^1  m (42) 

TIIOMSOX'S    EXPEK1MENT8. 

The  mean  coefficient  of  contraction  for  a  tfcin-edged  triangular  weir 
deduced  experimentally  by  Prof.  James  Thomson,  of  Belfast,  is  M= 
0.617,"  the  formula  being 


Q=Y^ML  ^J2g  ir^=l.S2LJT^ 


"15 


(43) 


((British  AsHociation  Report,  1858  (original  not  consulted).    Merriman  gives  the  mean  value  of  M 
lor  heads  betweeu  0.2  and  O.b  foot  as  0.5d2. 
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For  a  right-angled  notch, 

Z=2Zrand  ^=2.64J3^ (44) 

The  length  of  the  contracting  edges  in  a  triangular  notch  being  pro- 
portional to  the  depth,  it  is  believed  that  the  coefficient  of  discharge 
is  somewhat  more  constant  than  for  a  rectangular  weir.* 

TRAPEZOIDAL    WEIR. 

The  discharge  in  this  case  may  be  determined  directly  from  the 
integral  formula  (4)  as  for  a  triangular  weir,  by  integrating  between 
the  limits  AD  and  CE,  fig.  5.     It  may  also  be  derived  as  follows: 

■f-r-r ^ 

... W---L--/- 

I  *l 

I 

FiQ.  6.— Trapezoidal  weir. 

2= slope  of  one  side  to  the  vertical. 


--  /  V2^y  [ 
Jy=o 


By  integration, 

Q=pYgLBi+^z^2-gII^ (45) 

in  which  coefficients  of  contraction  for  the  horizontal  crest  and  for 
the  end  slopes  must  be  introduced. 

THE   CIPPOLETTI  TRAPEZOIDAL   WEIR. 

The  discharge  over  a  trapezoidal  without  contraction  would  be  the 
sum  of  that  for  a  rectangular  weir  added  to  that  for  two  triangular 
weirs  forming,the  ends.  From  the  experiments  of  James  B.  Francis* 
it  appears  that  each  end  contraction  reduces  the  effective  length  of  the 
weir  0.1  H.     The  contraction  decreases  the  discharge  by  the  amount 

Q=l  Mx0.1ff^2glli=lf^yl2gff^ 

If  the  ends  of  the  weir,  instead  of  being  vertical,  are  inclined  out- 
ward in  such  manner  that  the  discharge  through  the  added  area  coun- 
terlmlances  the  decrease  from  the  end  contraction,  then  the  effective 

a  The  coefficient  2.64  is  the  same  as  that  deduced  for  broad  crest  weirs  with  stable  nappe.   A  table  of 
values  of  2.64H*  Is  given  on  page  177,  which  may  be  applied  in  calculating  flow  over  triangular  weirs, 
b  Lowell  Hydraulic  Experiments. 

IBK  150—06 i 
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length  of  the  weir  will  remain  constant  as  the  head  increases,  the  same 
as  in  a  suppressed  weir.  The  discharge  through  the  end  triangle  ABC 
will  be,  from  equation  (42), 

Where  2  is  the  width  or  base  of  the  end  triangle.  Equating  the 
two  expressions  for  Q^  and  solving  for  ^,  we  tind,  assuming  J/ to  have 
the  same  value  in  both  cases, 

^-lii (i«) 

This  condition  defines  the  ('ippoletti  weir.^ 

(UP1»OLETTT\s   FOKMl  la. 

Cippoletti  derived  his  fonnula  from  a  discussion  of  the  experiments 
of  James  B.  Francis,  selecting  a  coefficient  I  per  cent  greater,  making 

(^^lxi)M:i\i  L//yl2(/H^:^.m7LI£^    ....     (47) 

L  is  the  length  of  the  crest  or  base  of  the  tmpezoid. 

Flinn  and  Dyer*  experimented  at  the  testing  flume  of  the  Holyoke 
Water  Power  Company  by  passing  the  same  volume  of  water  succes- 
sively over  a  trapezoidal  experimental  weir  and  over  the  gaging  weir 
of  the  turbine  testing  flume  19.7  feet  downstream.  The  latter,  it  is 
stated,  complied  in  form  with  Francis's  specifications. 

The  depths  were  observed  by  hook  gage;  eleven  readings,  as  a  rule, 
being  taken  and  their  arithmetical  mean  used  for  the  determination  of 
a  head.  The  thirty-two  series  of  valid  experiments  range  from  0.3 
foot  depth  on  a  weir  with  sill  length  of  3  feet  to  a  head  of  1.25  feet  on 
a  sill  9  feet  long. 

The  discharge  over  the  standard  weir  was  calculated  by  the  formulas 
of  J.  B.  Francis  and  of  Hamilton  Smith.  The  correction  for  velocity 
of  approach  at  the  experimental  weir  was  made  by  the  formula  of 
Hamilton  Smith,  for  use  with  contracted  rectangular  weirs, 

Flinn  and  Dyer's  coefficients  are  as  follows: 

Mean  of  32  experiments,  6^=3.283 

Mean  after  rejecting  5  diminished  weights,  ^=3.301 
In  general,  the  coefficient  diminished  as  the  head  increased,  suggest- 
ing that  the  end  inclination  should  slightly  exceed    //  in  the  Cippoletti 
weir,  to  provide  complete  compensation,  and  that  the  end  contraction 

a  First  described  by  Cesare  CippoU'tti  In  Canal  Villoreni,  Modulo  pt»r  la  Dispensa  delle  Acque,  1887. 
ft  Flinn,  A.  D.,  and  Dyer,  C.  W.  D.,  The  Cippoletti  trapezoidal  weir:  Trans.  Am.  Soc.  C.  E.,  vol.  32, 
1894,  pp.  9-33. 
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coefficieut  in  the  ti*apezoidal  weir  may  be  greater  than  0.1//,  as  used 
by  Francis. 

The  question  is  complicated  by  velocity  of  approach.  For  example, 
had  the  Francis  velocit}' -correction  fornmla  been  used  by  Flinn  and 
Dyer,  their  values  of  C  would  have  been  larger.  As  a  tentative  con- 
clusion it  is  probable  that  the  application  of  either  the  Francis  for- 
mula with  his  velocity-head  correction  or  the  Flinn  and  Dyer  coefficient 
with  the  Smith  velocity  correction  will,  when  applied  to  a  Cipjwletti 
weir,  give  results  as  accumte  as  the  precision  of  the  coefficients  will 
justify. 

RKQLTIRKMKXTS  AXli  ACCUKAC  Y  OF  WKIR  GAG1NG8. 

PRECAUTIONS  FOR  STANDARD  WEIR  GAGING. 

Certain  s|>ecitications  were  laid  down  by  James  B.  Fmncis  as  guides 
in  cases  where  the  utmost  precision  is  desired  in  weir  measurements." 
The  limits  of  applicability  of  the  weir  have  been  greatly  extended 
since  1852,  and  some  of  the  uncertainties  as  to  the  effect  of  various 
modifications  of  weir  construction  have  l)een  removed. 

In  general,  for  standard  thin-edged  weirs— 

1.  The  upstream  crest  edge  should  be  sharj)  and  smooth. 

2.  The  overflowing  sheet  should  touch  onl}'  the  upstream  crest 
corner. 

3.  The  nappe  should  be  perfectly  aei^ated. 

4.  The  upstream  face  of  the  weir  should  })e  vertical. 
.5.  The  crest  should  be  level  from  end  to  end. 

6.  The  measurements  of  head  should  show  the  true  actual  elevation 
of  water  surface  above  the  level  of  the  weir  crest. 

7.  The  depth  of  leading  channel  should  be  sufficient  to  i)rovide  com- 
plete crest  contractions,  and,  if  they  are  not  suppressed,  the  width  of 
channel  should  be  sufficient  to  provide  complete  end  contractions. 

8.  A  weir  discharging  from  a  <iuiet  pond  is  to  be  preferred.  If  this 
Ls  not  available,  the  velocity  of  approai'h  in  th(»  leading  channel  should 
be  rendered  as  uniform  as  possible  and  corrc^ction  made  therefor  by 
the  method  employed  by  the  experimenter  in  deriving  the  formula. 

In  order  to  fulfill  these  requirements,  certain  secondary  conditions 
are  necessary.  The  depth  on  the  weir  should  be  measured  at  a  point 
far  enough  upstream  from  the  crest  to  be  unatfec^ted  by  the  surface 
curvature,  caused  by  the  discharge. 


«  Francis,  J.  B.,  Lowell  Hydraulic  ExperimentH,  pp.  133-135. 
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The  distance  upstream  to  the  \H)mt  of  measuring  the  head  has  been 
as  follows: 

Distance  npntreitm  from  v^eir  to  gage  to^ed  fnj  mnoiw  e.rperiincnters. 


Distance 
KxperimenUT.  Date.  upstream,  in 

feet. 

PonoelKand  Ix'shroH 1828  j                11.48 

l^esbroH •. I  18:^  U.4H 

Francis laVJ  H.()0 

Hamilton  Smith,  jr '  1874-1 87H  7. 60 

Ft-eley  and  Stearnn 1878  '                 6. 00 

Bazin 188«  16.40 

t 

Six  feet  upstream  from  crest  is  a  distance  frequently  used,  but  this 
may  be  insufficient  for  suppressed  weirs,  and  also  for  those  having 
irregular  cross  sections  or  upstream  slopes.  Boileau  considered  the 
origin  of  the  surface  curvature  to  be  at  a  distance  from  the  weir  equal 
to  about  2.5  times  the  height  of  crest  above  the  bottom  of  the  channel 
of  approach,  indicating  that  for  a  suppressed  weir  the  head  should 
be  measured  at  least  this  distance  from  the  crest. "*  For  a  weir  dis- 
charging from  a  still  pond  the  head  can  be  measured  at  any  consider- 
able distance  from  the  weir.  Hamilton  Smith*  states  that,  for  weirs 
with  full  contraction,  //ca,n  be  measured  at  any  convenient  point  from 
4  feet  to  10  feet  from  the  crest. 

The  head  may  be  measured  directly  by  a  graduated  scale  or  hook 
gage,  or  by  means  of  a  piezometer  tube  having  its  orifice  flush  with 
the  side  wall  of  the  leading  channel,  and  at  right  angles  to  the  direc- 
tion of  flow  of  the  water. 

The  depth  of  the  leading  channel  in  Francis's  experiments  was  4.  (J 
feet  below  crest,  and  Francis  lays  down  the  rule  that  the  depth  of  the 
leading  canal  should  be  at  least  three  times  the  head  on  the  weir. 
Hamilton  Smith  fixes  the  minimum  depth  of  the  leading  channel  below 
the  crest  at  "-211. 

Fteley  and  Stearns^  state  that  the  depth  of  the  leading  channel 
below  weir  crest  should  be  at  least  0.5  foot,  in  order  that  correction 
for  velocity  of  approach  may  be  reliably  made  for  depths  occurring  in 
their  measurements,  and  that  a  greater  depth  of  leading  channel  is  to 
be  preferred. 

To  provide  complete  end  contractions,  Francis  states  that  the  dis- . 
tance  from  the  side  of  the  channel  of  approach  to  the  end  of  the  weir 
overflow  should  be  at  least  equal  to  the  depth  on  the  weir.     Hamilton 

a  Fteley  and  Steams,  Experiments  on  the  flow  of  water,  etc.:  Trans.  Am.  Soc.  C.  £.,  vol.  12,  p.  47. 

ft  Smith,  Hamilton,  Hydraulics,  pp.  129-13L 

cIbid.,ppll2-U4. 
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Smith  considers  that  the  distance  from  the  end  of  the  weir  to  the  side 
of  the  channel  should  be  at  least  2^,  and  that  the  depth  of  channel 
below  crest,  also  the  side  distance,  should  in  no  case  be  less  than  1 
foot.  Francis  further  specifies  that  the  length  of  weir  crest  should 
be  at  least  three  times  the  depth  of  overflow.  The  nappe  should  not 
be  allowed  to  expand  laterally  immediately  below  a  suppressed  weir. 
In  order  that  the  nappe  may  be  perfectly  aerated,  Francis  considers 
that  the  fall  below  crest  level  on  the  downstream  side  should  be  not 
less  than  ^7/,  increasing  for  very  long  weirs  or  in  cases  where  the 
downstream  channel  is  shallow.  He  found,  however,  no  perceptible 
difference  in  the  discharge  for  a  head  of  0.85  foot,  whether  the  water 
on  the  downstream  side  was  1.05  feet  or  0,0255  foot  below  crest  level. 
Fteley  and  Stearns  and  Hamilton  Smith  agree  that,  if  the  water  is 


Pig.  6. — Sections  of  the  Fraiu'ls  weir.     A,  General  seotion  of  weir;  B,  detail  of  crest. 

deep  l>elow,  it  may  rise  to  crest  level  on  downstream  side  of  weir 
without  sensible  error,  and  Fteley  and  Stearns  add  that  a  weir  may  })e 
submerged  to  a  depth  of  15  per  cent  of  the  head  without  an  error 
exceeding  1  per  cent. 

The  thickness  of  crest  lip  is  immaterial  so  long  as  the  edge  is  sharp 
and  square  and  the  nappe  cuts  free  and  is  freely  aerated.  The  latter 
conditions  require,  however,  that  the  crest  shall  be  thin,  especially 
where  the  head  is  slight. 

Fig.  6  shows  cross  sections  of  the  crest  of  the  weir  used  by  James  B. 
Francis  at  the  Lower  Merrimac  locks  at  Lowell,  in  1852,  in  deriving 
his  formula.  The  crest  consisted  of  a  cast-iron  plate  13  inches  wide 
and  1  inch  thick,  planed  true  and  smooth  on  all  surfaces.     Its  upper 
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edge  was  chamfered  on  the  downstream  side  at  an  angle  of  45  to  a 
thickness  of  0.25  inch  at  the  edge.  As  sliown,  the  nappe  cut 
clear  from  the  top  of  the  crest  in  an  unbroken  sheet.  Tlie  lowest 
head  used  by  Francis  was  over  0.5  foot.  For  very  low  heads  the  crest 
lip  should  be  thinner.  A  wooden  crest  ttMids,  by  capillary  attrat*tion, 
to  cause  the  nap{)e  to  adhere  to  the  flat  top  surface  under  low  heads. 
A  wooden  crest  is  cheap,  easily  adjusted,  and  convenient  for  t<*mpo- 
mry  use,  l)ut  it  will,  in  time,  tend  to  become  somewhat  rounded, 
reducing  the  verticid  contraction  of  the  napjK*. 

A  ciist-iron  crest  will  usually  have  to  be  made  to  order.  A  large 
steel  angle  bar  may  often  be  obtained  from  stock  sizes  of  the  rolling 
mills  more  cheaply.  Such  a  bar,  with  legs,  say  H  and  r»  inches, 
respectively,  with  the  (J-inch  flat  face  planed  and  its  edge  trued,  will 
form  a  rigid  and  permanent  crest.  The  »^-inch  leg  may  be  liolted  to 
the  top  of  the  timbers  forming  the  body  of  the  weir. 

It  may  l>e  added  tliat  approximate  corrections  for  rounding  of 
upstream  corner  of  the  crest,  inclination  of  the  weir  upstream  or 
downstream,  oi*  incomplete  contractions  can  be  made  from  data  now 
available.  In  constructing  gaging  weirs  preference,  however,  should 
be  given  to  those  fomis  which  render  the  determination  of  the  dis- 
charge the  most  simple,  and  the  extent  to  which  the  preceding  speci- 
fications may  be  departed  from  judiciously  will  depend  upon  the  exi- 
gencies of  the  case  and  the  purposes  for  which  the  results  are  desired. 

PLANK  AND  BEAM  WEIRS  OF  SENSIBLE  CREST  WIDTH. 

Experiments  on  weirs  with  crest  l)oards  1,  '2,  or  4  inch<»s  in  thickness 
were  made  })y  Blackwell,  Fteley  and  Stearns,  and  Bazin.  The  results 
show  that  for  depths  exceeding  1.5  to  "2  times  the  <'rest  width  the 
nappe  will  break  free,  and  if  properly  aerat^nl  the  coefficrient  will  then 
l>e  identical  with  that  for  a  thin-edged  weir. 

When  the  nappe  adheres  to  the  (^rest  the  coefticients  are  very  uncer- 
tain for  such  weirs,  adhesion  of  nappe  to  downstream  face  of  crest 
and  modified  aeration  entering  to  give  divergent  values. 

The  precise  stage  at  which  the  change  from  an  adhering  to  a  free 
oappe  or  the  reverse  occurs  is  not  constant,  but  varies  with  velocit\'  of 
approach  and  with  rate  of  change  of  the  head  as  the  changing  point  is 
approached,  being  different  for  a  sudden  and  for  a  gradual  change,  and 
also  when  the  point  of  change  is  approached  by  an  increasing  as  com- 
pared with  a  decreasing  head. 

REDUCTION  OF  THE  MEAN  OF  SEVERAL  OBSERVATIONS  OF  HEAD. 

In  measuring  a  constant  volume  of  water,  several  observations  of 
the  head  on  the  weir  are  desirable,  the  accuracy  of  the  result, 
according  to  the  theory  of  least  squares,  being  proportional  to  the 
square  root  of  the  number  of  observations. 
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In  weir  experiments  it  is  often  impossible  to  maintain  a  perfectly 
uniform  head  or  regimen.  If  the  variations  are  minute  the  arithmet- 
ical mean  may  be  used  directly.  If  the  variations  are  of  wider  range, 
or  if  the  utmost  precision  is  required,  the  following  correction 
formula  of  Francis  may  be  applied:** 

Let  2>i,  Z>j,  Z^3,  etc.,  />„  represent  the  several  successive  observed 

heads. 
Let  ^,,  ^j,  ^3,  etc.,  t,^  represent  the  corresponding  intervals  of  time 

between  the  several  observations. 
Let  T represent  their  sum,  or  the  total  time  interval. 
^=the  total  volume  of  water  flowing  over  the  weir  in  the  time  1\ 
2?=  the  mean  depth  on  the  weir  that  would  discharge  the  quantity 

Q  in  the  time  T. 
Z  =  the  length  of  weir  crest. 
(7=  the  weir  coefficient. 
We  have,  very  nearly, 

Also, 

Equating,  eliminating  the  common  factor  t'Z,  and  solving  for  Z>,  we 
have 

^"  |tG  A^  +  ^^  J^^A*  +  ^"^^^A^+etc.+J/>,nU      (48) 
EFFECT  OF  ERROR  IN  DETERMINING  THE  HEAD  ON  WEIRS.'' 

Consider  the  formula 

Differentiating,  we  have 

<^Q=:^  CL4JfdR. 

The  error  of  any  gaging  when  H-\-dH\A  taken  as  the  head  instead 
of  the  true  head  H  being  used  will  be  dQ^  and  the  ratio  of  this  quan- 
tity to  the  true  discharge  Q  will  be 

dg^^vLjfi    jj^au (,,) 

This  formula  will  give  nearly  the  correct  value  of  the  error  if  the 
increment  dH  approaches  an  infinitesimal. 

a  Francis,  J.  B.,  Lowell  Hydraulic  Experiments,  p.  113. 

<» Rafter,  O.  W.,  On  the  flow  of  water  over  dams:  Trans.  Am.  Soc.  C.  K.,  vol.  44,  p.  68<i;  data  here 
given  based  on  discussion  by  Walter  C.  Parmley.  - 


Digitized  by  VjOOQIC 


54 


WEIR    EXPERIMENTS,   CX)EFFICIENT8,   AND    FORMULAS. 


In  the  following  table  is  shown  the  effect  of  errors  of  one  thou- 
sandth, five  thousandths,  one  hundredth,  and  five  hundredths  foot, 
respectively,  for  various  heads.  This  clearly  illustrates  both  the 
necessity  of  proper  care  and  the  folly  of  ultra  precision  in  nieiusuring 
the  relatively  large  values  of  II  with  which  we  are  mainly  concerned. 
The  curves  of  error  on  PI.  II  are  ecjuilateral  hyperbolas,  which  have 
been  reduced  to  straight  line«  by  plotting  on  logarithmic  scales. 

Perceiitage  error  in  discharge  resulting  from  mrioui*  errortf  in  the  meoinired  head  on  veirs. 


Head,  in 
,        feet. 

0.001 

Per  crtU. 

0.1 

1.5 

.5 

.3 

1.0 

.15 

5.0 

.03 

10.0 

.015 

Error  in  mea.sured  head,  in  feet. 

0.005  0.01  0.05         I 


Per  a  tit. 

7.5 

1.5 
.75 
.15 
.075 


Pfrrent. 
15 
3 

1.5 
.3 
.15 


PfT  rt  nt. 
15 

7.5 
1.5 
.75 


I 


An  error  of  a  half -tenth  foot  under  5  feet  head  causes  the  same 
error  in  the  result  as  an  error  of  one-half  hundredth  foot  with  a  head 
of  one-half  foot. 

In  weir  experiments  it  is  important  to  know  the  effect  of  an  error 
in  head  ZTon  the  resultant  coefficient  of  discharge  (7.  The  error  in  C 
is  evidently  equivalent  to  the  error  in  Q  found  above,  where  H  is 
constant. 

ERROR  OF  THE  MEAN  WHERE  THE  HEAD  VARIES. 

In  determining  the  volume  of  flow  over  dams  where  gaging  records 
are  kept,  the  method  usually  pursued  has  been  to  have  readings  taken 
twice  daily,  as  at  morning  and  evening,  showing  the  depth  flowing 
over  the  crest  of  the  dam.  The  average  of  the  two  readings  for  each 
day  has  been  found  and  the  volume  of  flow  corresponding  to  this 
average  head  has  been  taken  as  the  mean  rate  of  flow  over  the  dam 
for  the  day. 

It  is  evident,  however,  that  as  the  discharge  varies  more  rapidly 
than  the  head  (usually  considered  to  be  proportional  to  the  three-halves 
power  of  the  head),  the  volume  of  discharge  obtained  as  above 
described  will  be  somewhat  less  than  the  amount  which  actually  passes 
over  the  dam.  The  following  analysis  has  been  made  to  show  the 
magnitude  of  the  error  introduced  by  using  the  above  method. 

Assuming  that  the  initial  depth  on  the  crest  of  the  dam  is  zero,  but 
increases  at  a  uniform  rate  to  ^  at  the  end  of  a  time  interval  T^  the 
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6.00 
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lueHii  head  deduced  from  observations  at  the  beginning  and  end  of  the 
l)eriod  would  be  i  ZT,,  the  head  at  any  time  t  would  be 

IT^ft 
where  f  is  a  constant. 

We  may  write  the  usual  formula  for  weir  discharge  Q—  CLn^\ 
then,  if  the  head  varies  from  zero  to  ^,  the  total  volume  of  flow  in 
the  time  Twill  be 

T  nT 

Qdf^CLf^     /     t^dt^\  CLf^T^  .  .  .    (50) 


Qr 


The  total  discharge  corresponding  to  the  average  head  ,,  H^  is 

C..=«(f)'r=cz(./-)V.  .  .  . 

The  ratio  of  the  discharge  is 


(51) 


^olume  by  average  head  ^  Q^,  ^  yij  ^q  ^^40         /gg) 
Actual  volume  Q^  2 


It  appears  that  where  the  initial  or  terminal  head  is  zero  the  volume 
of  flow  determined  l)y  using  the  average  head  will  be  11.6  per  cent 
too  small.  This  percentage  of  error  is  the  same  whatever  may  l>e  the 
maximum  head  //,  and  whether  the  stream  is  rising  or  falling.  It  is 
also  independent  of  the  rate  of  change  in  the  head. 

Conditions  like  those  above  discussed  owur  at  milldams  during  the 
sea**on  of  low  water,  when  the  pond  is  allowed  to  fill  up  at  night  and 
the  water  is  drawn  down  to  crest  level  or  below  during  the  day  when 
mills  are  running. 

The  following  example  will  illustrate.  Suppose  a  sharp-crested 
weir  without  end  contractions,  with  crest  I  foot  long,  on  which  the 
water  rises  to  a  depth  of  1  foot  in  a  period  of  10  seconds — 

Mean  depth  on  a  weir  with  rnrf/ing  head. 


Time,  in  seconds 1        I 

Head,  in  feet,  at  end  of  each  second ...     .1     ' 

Aver&ge  bead  for  period I    .05 

Average  head,  second  to  m^jonti :    .  a5 


2  3        t 

.2     ,     .3     I 

.1     .15: 

.15        .25 

I 


5 

6 

7 

8 

9 

.4 

.5 

.fi 

.7 

.H 

.9    1 

.2 

.'2:> 

.3 

.35 

.4 

.45 

.35 

.45 

.55 

.«Vi 

.75 

.K.'> 

10 
1.0 
.  5 
.95 
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Using  the  average  head  during  each  second  the  volume  of  flow  may 
be  approximately  integrated  by  finite  differences,  as  follows,  the  dis- 
charge being  taken  from  Francis's  tables: 

Discharge  over  a  weir  with  rarying  liead. 


Time,  In  seconds. 

Average  head, 
inleet. 

DisoharKe.  in 
second-feet. 

Oto     1 

o.a') 

0.  037 

1  to    2 

.15 

.194 

2  to    W 

.25 

.416 

3  to    4 

.  35 

.690 

4  to    5 

.45 

i.oa5 

5  to    6 

.55 

l.a58 

6  to    7 

.65 

1.745 

7  to    8 

.75 

2.163 

8  to    9 

.85 

2.609 

9  to  10 

.95 

3.083 

Total 

13.30 

The  average  head  for  the  entire  period,  0.5  foot,  gives  a  discharge 
for  10  seconds  of  11.773  second-feet,  or  88.5  per  cent  of  that  given 
above,  the  numerical  result  agreeing  closely  with  that  obtained  by 
analysis.  The  volume  of  flow  from  average  head  equals  seven-eighths 
of  the  true  integral  volume  of  flow,  approximately. 

If  there  is  an  initial  head  /i^,  then  when  the  head  varies  uniformly, 

The  total  volume  of  flow  in  time  T'  will  be 

<?t=    /  Qdt=CL  j  {H„+ft)^dt^lyCL(j{,+fT^  -\j,CLh}. 
The  average  head  during  time  7" is 

The  total  volume  of  flow  corresponding  to  this  head  is 
Q^.=  OL(jI„^\fT^T 
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The  ratio  of  the  actual  or  integral  discharge  to  the  discharge  by  the 
average  head  is 

Ql„+\fTf  T 


Volume  by  average  head  _  5 


Integral  volume 


^.f 


\^H,^fTj-H}^ 


(58) 


The  value  of  this  ratio  is  independent  of  the  coeflicient  or  length  of 
weir,  but  varies  with  the  rate  of  change  of  head. 


WEIR  NOT  LEVEL. 


If  the  crest  of  a  gaging  weir  is  not  truly  horizontal,  but  is  a  little 
inclined,  the  discharge  may  be  closely  approximated  by  the  use  of  the 
average  crest  depth  JjTin  the  ordinary  formula,  or  more  precisely  by 
the  formula  below,  applicable  also  to  weirs  of  any  inclination. 


Fio.  7.— Inclined  weir 

The  flow  through  the  elementary  width  dl  is 


rf<?=  CH^dl 


H=H,+^'-j^l 


Total  discharge^  Q=    I   CIl^  dl^  (J   I      (^7^+^*^^  I  V 

(y/.S-y/,»)  .... 


dl 


Integrating, 


(H^-II.j 


(54) 


In  this  formula  either    the  mean  coefficient  deduced  by  Thomson 
(see  p.  46)  for  a  triangular  weir,  in  which      6^=1.32,  or  that  of  Fran- 

cis,  in  which  -  (7  =  1.332,  may  be  used.     If  there  are  end  contractions, 
o 

the  net  length, 


should  be  used. 


x=z'-o.2  Q^^y 
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The  dibchavfje  using  the  avemge  head, 


Jia^ 


IS 


Q^CL(l^t/-^y (55) 

The  extent  of  variation  from  the  true  discharge  reHultinj;^  from  the 
use  of  fornmla  (55)  in  place  of  the  integml  formula  (ott)  is  illustrated 
by  the  following: 

Let  A-  10  feet,  //,,     l.O  foot,  ^  T  -1.382. 

Discharge  by  (55)  for  avei*age  head  83.80  cubic  feet  per  second. 
If//,  //,  =0.01  foot— true  discharge,  Q-  83.80  cubic  feet  per  second. 
If //2"-//i=0.lOfoot~truedischarge,  (^—33.80  cubic  feet  per  second. 
If //^     //j  — 0.50foot— truedischarge,  C^^88.54  culiic  feet  per  second. 

In  geneml,  since  the  discharge  varies  more  rapidly  than  the  head, 
the  effect  of  calculating  the  disiharge  from  the  average  head  will  be 
to  give  too  small  discharge,  the  error  increasing  with  the  variation  in 
crest  level. 

Hence  the  discharge  obtained  by  using  the  avemge  crest  level  for  a 
weir  having  an  inclined  or  uneven  crest  will  be  somewhat  deficient. 
The  magnitude  of  the  variations  in  height  of  the  crest  will  determine 
whether  the  avei'age  profile  can  be  used  or  whether  the  crest  should  l)e 
subdivided  into  sections,  each  comprising  [>ortions  having  ver^'  nearly 
the  same  elevation  (whether  adjacent  or  not),  and  the  discharge  over 
ea<-h  section  computed  as  for  a  separate  weu*. 

In  geneml  it  may  be  stated  that  the  error  in  the  value  of  Q^ 
increases  directU^  in  pro[K)rtion  as  the  ratio  of  the  difference  in  the 
limiting  he^ds  to  the  average  head  is  increased. 

CONVEXITY  OF  WATER  SURFACE  IN  LEADING  CHANNEL. 

If  there  are  wide  variations  in  velocity  in  the  measuring  section,  the 
level  of  the  water  surface  may  be  affected,  since  water  in  motion 
exerts  less  pressure  than  when  at  re.st. 

Conditions  of  equilibrium  cause  the  swift-moving  current  to  rise 
al)ove  the  level  of  the  slower-moving  portions.  If  the  head  is  meas- 
ured near  still  water  at  the  shore,  the  result  may  be  slightly  too  small. 

The  difference  in  height"  may  be  expressed  in  the  form, 

A-A='-''^'~'*'' i^^) 

The  coefficient  /•  is  often  assumed  equal  to  unity,  but  evidently 
varies  with  the  distribution  of  velocities  whose  resultant  effect  it 
measures. 

u  Humphreys  and  Abbot,  Physics  and  Hydraulics  of  the  Missisiiippi  River,  1876,  p.  320. 
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RE8UIiTS  OF  KXPERIMEN^IH  ON  VAR10U8  FORMS  OF  AV^EIR 

CR088  HKCTIOZSTH. 

THE  USE  OF  WEIRS  OF  IRREGULAR  SECTION. 

Many  csLses  arise  where  it  is  desired  to  estimate,  approximately,  at 
least,  the  flow  over  dams  of  peculiar  cross  section. 

The  construction  of  so-called  standard  or  thin-edged  weirs  that 
shall  l)e  permanently  useful  to  measure  the  flow  of  large  and  variable 
streams  is  so  difficult  and  expensive  as  to  be  frequently  impracticable. 
Existing  milldams  often  afi'ord  a  convenient  substitute.  In  the 
following  pages  are  presented  the  results  of  the  leading  experiments 
to  determine  proper  coefficients  for  " irregular"  weirs,  followed  by  a 
grouping  of  experiments  on  similar  models,  whether  all  by  one  experi- 
menter or  not.  The  data  are  not  always  as  complete  or  consistent  as 
could  be  desired,  but  the  need  for  fair  working  coefficients  is  very 
great,  and,  in  the  line  of  making  use  of  all  the  available  information, 
the  several  diagrams  of  comparison  and  the  conclusions  therefrom  are 
presented,  with  the  understanding  that  these  are  not  final,  although  it 
is  <juite  certain  that  the  laws  of  coefficient  variation  are  correctly  out- 
lined by  the  data  at  present  available,  and  they  form,  therefore,  a  safe 
working  hypothesis. 

Weir  models  of  irregular  section  are  calibrated  in  order  that  exist- 
ing dams  of  similar  cross  section  may  be  used  for  stream  gaging.  It 
becomes  necessary  to  calibrate  the  experimental  models  for  a  wider 
range  of  heads  than  has  commonly  been  employed  in  experiments  on 
standard  thin-edged  weirs,  in  order  that  the  mnge  of  rise  and  fall  of 
the  stream  from  low  water  to  high  may  te  included. 

While  the  recent  experimental  data  include  heads  as  great  as  from  4 
to  6  feet,  yet  it  is  often  necessary  to  determine  the  discharge  for  still 
greater  heads,  and  experiments  on  certain  foiTus  with  heads  up  to  10 
or  12  feet  are  needed. 

In  this  connection  the  greater  relative  facility  of  securing  accui'ate 
results  with  weirs  for  high  than  for  low  heads  may  be  noted. 

The  proportional  error  resulting  from  variations  in  crest  level,  as 
well  as  uncertainties  as  to  the  nappe  form  and  consequent  value  of  the 
coefficient,  largely  disappear  as  the  head  increases.  The  eflfect  of  form 
of  crest  and  friction  is  also  relatively  diminished.  It  is  probably  true 
that  the  coefficients  for  many  ordinary  forms  of  weir  section  would 
tend  toward  a  common  constant  value  if  the  head  were  indefinitely 
increased.  The  above  facts  render  milldams  especially  useful  for,  the 
determination  of  the  maximum  discharge  of  streams.  Dams  can  be 
used  for  this  purpose  when  the  presence  of  logs  and  drift  carried 
down  by  the  flood  preclude  the  ase  of  current  meters  or  other  gaging 
instruments. 
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MODIFICATIONS  OF  THE  NAPPE  FORM. 

The  elaborate  investigations  of  Bazin  relative  to  the  physics  of  weir 
discharge  set  forth  clearly  the  importance  of  taking  into  consideration 
the  particular  form  assumed  by  the  nappe.  This  is  especially  true  in 
weirs  of  irregular  section  in  which  there  is  usually  more  opportunity- 
for  change  of  form  than  for  a  thin-edged  weir.  In  general  the  nappe 
may— 

1.  Discharge  freely,  touching  only  the  upstream  crest  edge. 

2.  Adhere  to  top  of  crest. 

3.  Adhere  to  downstream  face  of  crest. 

4.  Adhere,  to  both  top  and  downstream  face. 

5.  Remain  detached,  but  become  wetted  underneath. 

6.  Adhere,  to  top,  but  remain  detached  from  face  and  become  wetted 
underneath. 

7.  In  any  of  the  cases  where  the  nappe  is  *^  wetted  underneath"  this 
condition  may  be  replaced  by  a  depressed  nappe,  having  air  imprisoned 
underneath  at  less  than  atmospheric  pressure. 

The  nappe  may  undergo  several  of  these  modifications  in  succession 
as  the  head  is  varied.  The  successive  forms  that  appear  with  an 
increasing  stage  may  differ  from  those  pertaining  to  similar  stages 
with  a  decreasing  head.  The  head  at  which  the  changes  of  nappe  form 
occur  vary  with  the  rate  of  change  of  head,  whether  increasing  or 
decreasing,  and  with  other  conditions. 

The  law  of  coefficients  may  be  greatly  modified  or  even  reversed 
when  a  change  of  form  takes  place  in  the  nappe. 

The  effect  of  modifications  of  nappe  form  on  various  irregular  weir 
sections  is  shown  in  PI.  III.  The  coefficients  are  those  of  Bazin  and 
include  velocity  of  approach.  The  coefficient  curve  for  any  form  of 
weir  having  a  stable  nappe  is  a  continuous,  smooth  line.  When  the 
nappe  becomes  depressed,  detached,  or  wetted  underneath  during  the 
progress  of  an  experiment,  the  resulting  coefficient  curve  may  consist 
of  a  series  of  discontinuous  or  even  disconnected  arcs  terminating 
abruptly  in  ^'' poinU  d^arret^'^  where  the  form  of  nappe  changes.  The 
modifications  of  nappe  form  are  usually  confined  to  comparatively  low 
heads,  the  nappe  sometimes  undergoing  several  successive  changes  as 
the  head  increases  from  zero  until  a  stable  condition  is  reached  be^^ond 
which  further  increase  of  head  produces  no  change.  The  condition 
of  the  nappe  when  depressed  or  wetted  underneath  can  usually  be 
restored  to  that  of  free  discharge  by  providing  adequate  aeration. 

The  weir  sections  shown  inPl.  Ill  are  unusually  susceptible  of  changes 
of  nappe  form.  Among  weirs  of  irregular  section  there  is  a  large 
class  for  which,  from  the  nature  of  their  section,  the  nappe  can  assume 
only  one  form  unless  drowned.  Such  weirs,  it  is  suggested,  may,  if 
properly  calibrated,  equal  or  exceed  the  usefulness  of  the  thin-edged 
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weir  for  purposes  of  stream  gaging,  because  of  their  greater  stability 
of  section  and  because  the  thin-edged  weir  is  not  free  from  modifica- 
tion of  nappe  form  for  low  heads. 

As  an  example,  Bazin  gives  the  f oUowing*  coefficients  applying  to 
a  thin-edged  weir  2.46  feet  high,  with  a  head  of  0.656  foot,  under 
various  conditions: 


Condition  of  nappe. 


Free  discharge,  full  aeration , 

Nappe  depressed,  partial  vacuum  underneath 

Nappe    wetted    underneath,    dowr  stream    water 
level,  0.42  foot  below  crest 

Nappe  adhering  to  downstream  face  of  weir,  res- 
sault  at  a  distance 


Bazin  coeffi- 
cient m. 

C~mV2g 

Per  cent  of 
the  FranelH 
coefficient. 

0.433 

3.47 

104.1 

.460 

3.69 

110.7 

.497 

3.99 

119.7 

.554 

4.45 

133.5 

These  coefficients  include  velocity  of  approach  effect,  which  tends 
to  magnify  their  differences  somewhat.  There  is,  however,  a  range 
of  25  per  cent  variation  in  discharge  between  the  extremes." 

The  departure  in  the  weir  coefficient  from  that  applying  to  a  thin- 
edged  weir,  for  most  forms  of  weirs  of  irregular  section,  results  from 
some  permanent  modification  of  the  nappe  form.  Weirs  with  sloping 
upstream  faces  reduce  the  crest  contraction,  broad-crested  weirs  cause 
adherence  of  the  nappe  to  the  crest,  aprons  cause  permanent  adherence 
of  the  nappe  to  the  downstream  face. 

EXPERIMENTAL  DATA  FOR  WEIRS  OF  IRREGULAR  CROSS 

SECTION. 

The  only  experiments  on  irregular  or  broad-crested  weirs  in  which 
the  discharge  has  been  determined  volumetrically  are  those  of  Black- 
well  on  weirs  3  feet  broad,  of  Francis  on  the  Merrimac  dam,  and  of 
the  United  States  Geological  Survey  for  lower  heads,  on  various  forms 
of  section.  So  far  as  the  writer  is  aware,  all  other  such  experiments 
have  been  made  by  comparison  with  standard  weirs. 

In  the  following  pages  are  included  the  results  of  the  experiments 
of  Bazin  on  29  forms  of  cross  section;  also  those  of  the  United  States 
Deep  Waterways  Board  under  the  direction  of  George  W.  Rafter,  and 
those  of  John  R.  Freeman  at  Cornell  University  hydraulic  laboratory. 
The  results  of  20  series  of  experiments,  chiefly  on  weirs  with  broad  and 
ogee  crest  sections,  made  under  the  writer's  direction  at  Cornell  Uni- 
versity hydraulic  laboratory,  are  here  for  the  first  time  published. 

aBazin's  general  discussion  of  the  above  and  other  modifications  of  the  coeflifient  has  been  trans- 
lated by  the  writer,  and  may  be  found  in  Rafter's  paper,  On  the  flow  of  water  over  dams:  Trans. 
Am.  6oc.  C.  £.,  voL  44,  pp.  254-261. 
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As  it  has  been  necessary  to  reduce  the  experimental  data  to  a  uni- 
form basis  for  purposes  of  comparison  the  original  data,  together  with 
the  results  obtained  bv  recalculation,  have  been  included  for  the  Bazin, 
United  States  Deep  Waterways,  and  Freeman  experiments. 

BASE   FORMULA    FOR   DISCHARGE   OVER   WEIRS   OF   IRREGULAR   CROSS 

SECTION. 

Precedent  to  the  opening  of  the  hydmulic  laboratory  of  Cornell 
University  the  most  elaborate  experiments  on  weirs  of  irregular  cros.s 
section  were  those  of  Bazin.  His  experiments  were  all  reduced  in 
such  manner  as  to  include  the  velocity  of  approach  correction  in  the 
discharge  coeflBcient. 

In  America  the  formula  most  commonly  used  is  that  adopted  by 
James  B.  Francis,  in  which  velocity  of  approach  is  eliminated  from 
the  coefficient  by  correcting  the  head,  thus  reducing  the  conditions  as 
nearly  as  possible  to  the  basis  of  no  velocity  of  approach  before  apply- 
ing the  formula. 

In  order  to  render  Bazin's  results  comparable  with  the  later  experi- 
ments, it  has  been  necessary  to  adopt  a  standard  or  base  fornuila  to 
which  all  the  experiments  should  be  reduced.  The  considerations  lead- 
ing to  the  adoption  of  the  formula  of  Francis  here  used  are  given 
below. 

In  the  process  of  gaging  streams  at  dams  the  head  is  usually 
measured  in  comparatively  still  water  in  an  open  pond.  This  condi- 
tion could  not  be  duplicated  in  the  Cornell  experiments.  As  the 
formula  of  James  B.  Francis  is  most  simple  in  form  for  the  case  of  a 
weir  with  no  velocity  of  approach,  and  as  it  is  often  convenient  to 
compare  the  discharge  over  a  dam  with  that  for  a  thin-edged  weir  of 
standard  form,  a  weir  formula  of  the  base  form  used  by  Francis  has 
been  adopted  in  reducing  the  experiments.     In  this  formula, 

Z  =  Length  of  crest  corrected  for  end  contractions,  if  any. 

7/=Head  on  weir  crest  corrected  for  velocity  of  approach  by 
the  Francis  correction  formula  or  an  equivalent  method. 

('=A  coefficient  determined  from  experiments  on  a  model  dam. 
In  this  connection  it  may  be  remarked  that  the  formula  of  Bazin 
includes  the  correction  for  velocity  of  approach  in  the  weir  coefficient; 
hence  the  coefficient  for  a  given  weir  is  comparable  onl}^  with  that  for 
another  weir  under  the  same  head  when  the  velocity  of  approach  is 
the  same  in  both  cases.  Bazin's  formula  also  expresse.s  the  velocity  of 
approach  implicitly  by  means  of  the  depth  and  breadth  of  the  leading 
channel.  In  actual  gagings  the  leading  channel  is  often  of  irregular 
form,  hence  it  becomes  necessary  to  eliminate  the  depth  and  breadth 
of  the  channel  from  the  formula. 


Digitized  by  VjOOQIC 


WEIRS   OF   IBREG0LAR   SECTION.  63 

There  is  considerable  variation  in  the  magnitude  of  the  correction 
for  velocity  of  approach  used  by  different  experimenters.  As  a  rule, 
the  velocity  of  approach  is  negligible  at  gaging  stations  at  dams.  It 
became  necessary,  therefore,  in  reducing  these  experiments  to  deter- 
mine from  the  measured  discharge  and  observed  head 'what  the  head 
would  have  been  had  the  same  discharge  taken  place  over  a  weir 
in  a  still  pond.  To  accomplish  this  the  formula  for  correction  for 
velocity  of  approach  adopted  by  James  B.  Francis  has  been  used. 
This  being  the  case,  it  is  to  be  noted  that  in  applying  the  coefficients, 
which,  as  given,  have  been  reduced  as  nearly  as  possible  to  the  basis 
of  no  velocity  of  approach,  the  same  method  of  velocity  correction 
must  be  used,  and  if  it  is  used  no  error  will  result  where  the  actual 
velocit}^  of  approa<?h  is  nearly  the  same  as  that  which  ocx'urred  in  the 
experiments. 

bazin's  experiments  on  weirs  of  irregui^r  cross  section. 

These  include  a  wide  variety  of  forms,  many  of  which  will  seldom 
be  found  in  America,  and  the  use  of  which  for  purposes  of  gaging 
would  be  ill  advised. 

The  small  size  of  the  models  used,  high  velocity  of  approach,  and 
narrow  range  of  heads  covered,  limit  the  application  of  these  results. 
No  effort  has  been  made  to  present  all  the  results  in  this  paper. ^'  Cer- 
tain series,  useful  for  comparison,  have  l)een  recomputed  as  described 
below,  and  by  grouping  similar  sections  we  may  determine  the  gen- 
eral effect  of  various  slope  and  crest  modifications. 

bazin's  correction  for  velocity  op  approach. 

The  base  formula  for  weir  discharge  adopted  by  Bazin  and  the 
method  of  taking  into  account  the  velocity  of  approach  are  described 
in  connection  with  his  experiments  on  thin-edged  weirs  (p.  31). 

The  following  discussion  shows  the  complex  character  of  the  Bazin 
coeflScients,  and  the  fact  that  they  do  not  express  directly  the  relative 
disf'harging  capacity  of  weirs  of  irregular  section. 

The  effect  of  velocity  of  approach  is  to  increase  the  discharge  at  a 
given  observed  head,  D^  over  what  it  would  be  if  the  same  head  were 
measured  in  still  water,  as  in  a  deep,  broad  pond. 

Bazin's  coefficients  in  the  form  published  are  not  readily  applicable 
in  practice  to  weirs  of  other  heights,  or  to  weirs  in  ponds,  or  otherwise 
to  any  but  weirs  in  restricted  channels  of  the  depth  and  width  of  the 
weir. 


«  For  complete  original  data,  see  Bazin,  aa  translated  by  Marichal  and  Traut  wine  in  Proc.  Engineers 
Club  Phila.,  vol.  7,  pp.  -JSd-SlO;  vol.  9,  pp.  231-244,  287-319;  vol.  10,  pp.  121-164;  alHo  numerous  experi- 
ments reduced  to  English  units  by  Rafter  and  others,  Trans.  Am.  Soc.  C.  E.,  vol.  44,  pp.  220-398. 
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The  Bazin  coefficient  as  published  may  be  considered  as  compris- 
ing two  principal  factors.     M  being  the  Bazin  coefficient,  we  may  write 

i^= velocity  of  approach  effect. 
C=  contraction  effect. 
Bazin  uses  a  correction  formula  for  velocity  of  approach,  derived 
from  the  expression 

Zr=Z>+1.69  2    OTl)'\-ah. 

Consider  a  standard  weir  and  experimental  weir  both  of  the  same 
height,  but  of  different  form,  the  measured  depth  being  the  same,  and 
the  Bazin  coefficients  being  M  and  7/^,  the  velocity  of  approach  and 
discharge  Fand  v  and  Q  and  ^,  respectively,  and  C  and  C^  the  coeffi- 
cients in  a  formula  in  which  the  velocit}^  of  approach  correction  is 
eliminated  from  the  coefficient  and  applied  to  the  head;  then  the  dis- 
charge for  the  standard  weir  would  l>e, 

using  the  Bazin  coefficients, 

where  M'  —  M4  "lij  and  X  =  l.(); 
using  the  coefficient  (/, 

taking  roots 

\M.')  -'D+aK 

Bazin  does  not  give  the  quantities  of  flow  in  the  tables  of  results  of 
his  experiments,  hence  to  determine  //  it  is  necessary  to  calculate  Q. 
y,  and  h  from  the  known  values  M  and  D  and  from  1\  the  height  of 
weir. 

I)  being  the  same  for  both  the  standard  and  the  experimental  weirs, 
we  have  for  the  experimental  weir 


( 


C^  being  the  coefficient  for  the  experimental  weir,  and  h^  the  velocity 
head. 
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Hence,  bv  multiplication, 


and 


or 


jU-  C'^yi>+a/iJ. 

The  velocifj  of  approach  for  a  given  depth  on  a  weir  is  proportional 
to  C,  hence,  aince  h  is  proportional  to  ?'*,  we  have 


Hence, 


"r-m 


m  _ 


^y2>+(^0'^A* (57) 

V       D^ah      J 


m 


The  ratio  ^  used  by  Bazin  is  not,  therefore,  precisely  a  measure  of 

the  relative  discharging  capacities  of  the  two  weirs  under  similar  con- 
ditions of  head  and  velocity  of  approach,  for  the  reason  that  the 
velocity  of  approach  will  not  be  the  same  for  both  weirs  if  the  Bazin 
coefficients  are  different.  The  ratio  m  M  is  made  up  of  two  factors, 
one  of  which,  C^j  C^  expresses  the  absolute  relative  discharging  capaci- 
ties of  the  two  weirs  under  similar  conditions  of  head  and  velocity  of 
approach,  and  the  other  expresses  the  effect  of  the  change  in  dis(^harg- 
ing  capacity  on  the  velocity  of  approach  for  a  given  depth  on  a  weir 
of  given  height. 

Thus  the  coefficient  Jf  for  any  weir  has,  by  Bazin's  method  of  reduc- 
tion, different  values  for  every  depth  and'  for  every  height  of  weir 
that  may  occur. 

For  reasons  elsewhere  stated  it  is  preferred  to  express  by  -  -  only 

the  relative  discharging  capacities  of  the  weirs  where  the  velocity  of 
approach  is  the  same  in  both.  It  is  then  practically  a  measure  of  the 
vertical  contraction  of  the  nappe,  and  is  constant  for  a  given  head  for 
any  height  of  weir,  and  may  be  sensibly  constant  for  various  depths 
on  the  weir. 
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RECOMPUTATION    OF   COEFFICIENTS    IX    BAZIN's    EXPERIMENTS. 

In  reporting  the  results  of  his  experiments  on  weirs  of  irregular 
section,  Bazin  gives  the  observed  heads  on  the  standard  weir  of  com- 
parison, the  absolute  coefficient  m  applying  for  each  depth  on  the 
experimental  weir  and  the  ratio  m' Moi  the  experimental  and  standard 
weir  coefficients. 

The  results  give  coefficients  which  strictly  apply  onl}^  to  weirs  having 
both  the  same  form  of  section  and  the  same  heights  as  those  of  Bazin. 
Although  weirs  of  sect io7ial  form  geometrically  similar  to  Bazin's  are 
common,  yet  few  actual  weirs  have  the  same  height  as  his.  There 
appear  to  be  two  elements  which  may  render  inaccurate  the  applica- 
tion of  Bazin\s  alxsolute  coefficients  to  weirs  of  varying  height:  (1)  The 
difference  in  velocity  of  approach;  (2)  the  difference  in  contraction  of 
the  nappe  for  a  higher  or  lower  weir. 

In  order  to  render  the  results  of  Bazin\s  experiments  comparable 
one  with  another  and  with  later  experiments,  a  number  of  series  have 
been  recomputed,  the  velocity  of  approa<*h  being  treated  in  the  same 
manner  as  in  the  computation  of  experiments  at  Cornell  hydraulic 
laboratory. 

The  method  is  outlined  below,  the  references  l)eing  to  the  tables  of 
Bazin's  experiments  given  on  pages  68  to  81. 

Column  2  gives  the  observed  head  reduced  to  feet  for  the  experi- 
mental weir. 

Column  4  the  absolute  coefficient  C\  =  m  V^^ 

(These  have  been  reduced  from  Bazin's  original  tables.) 

Column  5  gives  the  discharge  per  foot  of  crest  over  the  experimental 
weir  calculated  by  the  formula 

quantities  in  column  8  being  taken  directly  from  a  table  of  three-halves 
powers. 

In  column  6  the  actual  velocity  of  approach,  v=-pif-T\^  is  given, 

and  in  column  7  the  velocitv  head,  h  —  ^. 

The  discharg3  over  the  standard  weir  was  calculated  by  Bazin  bj^ 
using  his  own  formula  and  velocity  of  approach  correction.  He  does 
not  give  the  discharge,  however,  and  we  have  been  obliged  to  work 
back  and  obtain  it  from  the  data  given  for  the  experimental  weir. 

Having  determined  the  actual  discharge  and  the  observed  head,  we 
are  now  at  lil^ei-ty  to  assume  such  a  law  of  velocity  of  approach  cor- 
rection in  deducing  our  new  coefficients  as  we  choose.  We  will  there- 
fore deduce  the  coefficients  in  such  form  that  when  applied  to  a  weir 
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m  which  there  is  velocity  of  approach  we  may  apply  the  correction 
formula  of  Francis, 


//=[(i>+A)*-A*]^. 


A  sufficient  approximation  to  this  formula  for  our  present  purposes 
may  be  obtained  if  we  simply  make 

where  r  is  the  velocity  of  approach  corresponding  to  the  trial  dis- 
charge for  the  head  Z>,  no  successive  approximations  being  made,  as 
would  be  necessary  to  determine  the  true  head  //by  the  Francis  cor- 
rection formula. 
For  example,  in  an  extreme  case,  using  a  thin-edged  weir 

/>=1.0,     P=1.0,     V  {sipprox.)-p^ 2^=^  =  1.666 

A=  — =0.0431     whence     //=/>+ 3- =1.0431, 

and  ^=3.547. 

By  the  Francis  correction  formula  we  lind,  using  three  successive 
approximations, 

^1  =  3.5183  giving  i;=1.7691 

^,=3.5387  giving  ^=1.7694 

^3=3.541  as  the  final  discharge, 

that  the  difference  is  0.11  of  1  per  cent.  We  are  therefore  justified 
in  using  this  method  to  determine  values  of  C  to  two  places  decimals, 
or  to  within  one-fourth  to  one-half  per  cent. 

We  have  also  used  ^2g=S,02^  as  in  the  reduction  of  the  Cornell 
experiments. 

Column  8  gives  the  corrected  head, 

II=D+L 
Column  10  gives  the  final  coefficient,  6' deduced  by  the  formula 

Pis.  IV  to  Xll  show  the  resulting  discharge  coefficients. 
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1.0153 

.350 

.0019 

.4546 

.8069 

3.31 

11 

.4770  '  .3294 

3.3844 

1. 1137 

.379 

.0022 

.4792 

.3315 

3.36 

12 

.  5075  1  .  3616 

3.4406 

1.2449 

.4-20 

.0027 

.5102 

.3642 

3.42 

13 

.5360     .3924 

3.4807 

1.36.56 

.455 

.0033 

..5393 

.3957 

3.45 

14 

.  56:i9     .  4*235 

3.5368 

1.4992 

.4% 

.0039 

.5678 

.4280 

3.50 

15 

.5973     .4613 

3.5930 

1.6661 

.542 

.0045 

.6018 

.4671 

8.54 

16 

n..'>304     .3858 

3.4566 

1.8349 

.446 

.0031 

.6335 

.3897 

3.42 

17 

1.6032  1  .4683 

3.4486 

1.6156 

.528 

.0(W4 

.6076 

.4740 

3.41 

18 

n.6347      .5060 

3.4646 

1.7508 

566 

.0051 

.6898 

.5120 

s.« 

Bazin 
Cre«t 

8  Series.  No.  89. 
ength,  6. 56  feet. 

Oost  1 

[lelght,  2.4 

6  feet. 

— I 

i    . 

Cross  section. 


1 

0.2079 

0.0948 

2.7669 

0.2626 

0.098 

0.2079 

0.0948 

2.77     1 

2 

.2873 

.1538 

2.7669  , 

.4260 

.165 

.2873 

.1588 

2.77 

3 

.3641 

.2196 

2.7669 

.6083 

.216 

0.0008 

.3&19 

.2206 

2.76 

4 

.4337 

.2859 

2.8230 

.8062 

.279 

.0012 

.4349 

.2869 

2.81     i 

5 

.4963 

.8494 

2.8792 

1.0063 

.840 

.0018 

.4981 

.8.515 

2.86 

6 

.5619 

.4213 

2.9674 

1.2513 

.414 

.0026 

.5635 

.4286 

2.96 

7 

.6331 

.5036 

3.0476 

l.«860 

.498 

.0039 

.6370 

..5084 

3.02 

8 

.6890     .57195 

3.0877 

1.7678 

.5(4) 

.0049 

.6939 

.  5782 

3.W 

9 

.7490     .6482 

3.1679 

2.a'>48 

.640 

.0064 

.75.54 

.6561 

3.13 

10 

.7985  ^  .7135 

3.2160 

2.2975 

.705 

.0078 

.8063 

.T286 

3.18 

11 

.8546  '  .7906 

3.2%2 

2.6090 

.785 

.0097 

.8«>43 

.8031 

8.25 

12 

.9228 

.8867 

3.3524 

2.9704 

.879 

.0120 

.9:M8 

.9W1 

3.28    1 

13 

.9648 

.9479 

3.4326 

8.2513 

.949 

.0140 

.9788 

.9687 

8.36    i 

14 

1.0286 

1.0362 

3.4887 

3.6163 

1.038 

.0168 

1.04O4 

1.0606 

3.41 

15 

1.0784 

1.1193 

3.5288  1 

3.9511 

1.118 

.0195 

1.0979 

1.1605 

8.48 

16 

1.1812 

1.2028 

3.5849  1 

4.3060 

1.201 

.0224 

1.1.536 

1.2396 

3.47 

17 

1.1866 

1.2932 

3.6381  1 

4.6943 

1.292 

.0259 

1.2125 

1.83.59 

8.61 

18 

1.2375   1.3767 

3.6732 

5.a5-25 

1.364 

.0288 

1.2663 

1.4246 

8.64 

19 

1.2959 

1.47M 

3. 7052 

5.4737 

1.456 

.0331 

1.3290 

1.6321 

3.67 

20 

a  1.0807   1.1239 

3.5368  ; 

3. 9786 

1.122 

.0196 

1.1002 

1.1687 

8.46 

21 

rt  1.1587  jl.2477 

8.5448 

4.4169 

1.219 

.0281 

1.1818 

1.2860 

8.44 

a  Nappe  free  fro 

m  the  CI 

■est 

Di 
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Bazin^s  experiments  on  weirs  of  irregular  section— Ooniximed, 


Bazin 

8  Series.  No.  113. 

r 

r 

\i 

Great  J 

height,  2.463  feet. 

llr 

Cross  section. 

1 
Period. 

Observed 
head, 
experi- 
mental 
weir  Z), 
in  feet. 

1_ 

a 

Q,  flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 

per 
second. 

5 

r 
6  " 

7 

H 

8 

Hi 
9 

C 

1 

2 

4 

10     1 

_  1 

1 

0.208 
.289 
.363 

0.0948 
.1654 
.2187 

2.64 
2.66 
2.66 

0.2503  ' 
.4134 
.5817 

0. 208    'n.  CKUM 

2.63 
2.65 
2.65 

2 

.289 
.3637 

.  1562 
.2196 

3 

0.206 

0.0007 

^ 

.443 

.2949 

2.65 

.7815 

.269 

.0011 

.4441      .296 

2.64 

5 

.518 

.3728 

2.66 

.9916 

.332 

.0017 

.5197  ;  .375 

2.64 

6 

.592 

.4556 

2.64 

1.2025 

.392 

.0024 

.5944     .4578 

2.63 

7 

.667 

.5147 

2.71 

1.4761 

.472 

.0034 

.6704     .549 

2.69 

8 

.736 

.6314 

2.75 

1.7364 

.542 

.0046 

.7405     .6377 

2.72 

9 

.805 

.7223 

2.78 

2.0080 

.612 

.0058 

.8108 

.7303 

2.75 

10 

.863 

.8017 

2.80 

2.2441 

.672 

.0070 

.8700 

.8115 

2.77 

11 

.936 

.9066 

2.a's 

2.5810 

.768 

.0090 

.9450 

.91865 

2.81 

12 

.989 

.9835 

2.88 

2.8325 

.821 

.0106 

.9995 

.9925 

2.84 

13 

1.055 

1.0530 

2.91 

3.0641 

.872 

.0118 

1.0468 

1.068 

2.86 

14 

1.076 

1.1162 

2.94 

3.2816 

.925 

.0132 

1.0892 

1.1364 

2.88 

15 

1.114 

1.1758 

2.95 

3.4686 

.968 

.0143 

l.r283 

1.1980 

2.88 

16 

1.159 

1.2478 

3.00 

3.  7434 

1.032 

.0165 

1.1755 

1.274 

2.98 

17 

1.197 

1.8096 

3.01 

3.9419 

1.076 

.0179 

1.2149 

1.339 

2.94 

18 

1.262 

1.4009 

3.06 

4.2868 

1.164 

.0206 

1.2726 

1.486 

2.98 

19 

1.320 

1.5166 

3.11 

4.7166 

1.246 

.0243 

1.3443 

l.^'>8 

3.03 

.s  Series,  J 

lo.  114. 

— ..   r^«-i 

Biudn 

T 

5 

9'"////' 

Crest 

tieight,  2.4 

6feet. 

•}< 

%M 

Cross  section. 

!    1 

0.204 

0.0921 

2.47 

0. 2275 

0.056 

0.204    b.092l 

2.47    1 

i    ^ 

.280 

.1482 

2.64 

.3764 

.137 

.2«0 

.1482 

2.54     ' 

3 

.352 

.2089 

2.69 

.5411 

.193 

0.0006 

.3526 

.2097 

2.58    1 

4 

.438 

.28497 

2.60 

.7409 

.256 

.0011 

.4341 

.2860 

2.69 

1        ^ 

.504 

.3578 

2.59 

.9267 

.318 

.0015 

.5066 

.3594 

2.58 

*        6 

.578 

.4394 

2.60 

1.1424 

.376 

.0022 

.5802 

.4417 

2.59 

7 

.667 

.5325 

2.62 

1.3952 

.446 

.0031 

.6601 

.5362 

2.60 

8 

.735 

.6302 

2.68 

1.6511 

.517 

.0042 

.7392 

.6353 

2.69 

9 

.810 

.7290 

2.63 

1.9173 

.587 

.0054 

.8154 

.7358 

2.60 

10 

.882 

.8283 

2.65 

2.1950 

.666 

.0008 

,fii^f^ 

.8381 

2.62 

11 

.958 

.98'/7 

2.66 

2.4943 

.728 

.0088 

.9663 

.9494 

2.63 

12 

1.084 

i.mi 

2.68 

2.8178 

.806 

.0102 

1.0442 

1.0667 

2.64 

18 

1.112 

1.1727 

2.69 

3.1546 

.883 

.0120 

1.1240 

1. 1917 

2.65 

i    ^^ 

1.171 

1.2672 

2.70 

3.4214 

.941 

.0137 

1.1847 

1.2899 

2.65 

15 

1.248 

1.8868 

2.73 

3.7832 

1.021 

.0161 

1.2591 

1.4127 

2.67 

16 

1.901 

1.4839 

2.73 

4.0610 

1.078 

.  0181 

1. 3191 

1.5149 

2.66 

17. 

1.S84 

1.6282 

2.76 

4.4988 

1.168 

.0213 

1.4a'S3  j  1.6654 

2.70 
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WEIR    EXPERIMENTS,   COEFFICIENTS,    AND    FORMULAS. 


Bazin^s  expThtients  on  weirs  of  irregular  sect  ion — Continued. 


Bazin'8  Series.  No.  115. 
Crest  height,  2.46  feet. 


Observed 
I    head, 

Period.l  «^PH^: 
mental 

I  weiriJ. 

in  feet. 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


0.196 
.264 
.342 
.415 
.495 
.566 
.638 
.716 
.792 
.871 
.948 
1.028 
1.097 
1.178 
1.260 
1.830 
1.388 
1.424 
1.467 


Di 


0.08<W 
.1357 
.2001 
.2674 
.3483 
.4258 
.5096 
.6069 
.7(V49 
.8129 
.9230 
1.0347 
1.1490 
1.2786 
1.4144 
1.6338 
1.6353 
1.6993 
1.7768 


Q,  flow 
per  foot,  I 
experl- 
menttil 
weir,  in  I 
cubic  feet 
per 
second. 

5 


2.25 
2.41 
2. 45 
2.51 
2.50 
2.55 
2.54 
2.56 
2.60 
2.60 
2.60 
2.61 
2.63 
2.64 
2.65 
2.68 
2.69 
2.70 
2.70 


I 


0.1953 

.3270  ' 

.4902 

.6712 

.8708 

1.0868 

1.2944 

1.5511  ! 

1.8327 

2. 1135 

2.4098 

2.7006 

3.0219  I 

3.3755  ' 

3. 7482 

4.1106  ' 

4.3990 

4.5881  [ 

4.797 


2f/ 


I 


0.073 
.120  ' 
.175, 
.233  1 
.290  I 
.358 
.418 
.487 
.563 
.634 
.706 
.775 
.849 
.928 
1.009 
1.085 
1.144 
1.18 
1.26 


I- g,s« * 


Cross  section. 


0.0005 
.0008 
.0013 
.0020 
.0027 
.0037 
.0049 
.0062 
.0078 
.0095 
.0112 
.0134 
.0159 
.0181 
.0202 
.0216 
.0247 


0.196 
.264  ' 
.3425 
.4158 
.4963 
.5680 
.6407  I 
.7197  j 
.7969  I 
.8782  ' 


//i 


0.0868 
. 1357  j 
.2005 
.2683 
.3494 
.42M  1 
.5132  I 
.6109  j 
.7115 
.8227 


c    ! 


10 

2. -25 
2.41 
2.44 
2.50 
2.49 
2.54 
2. 52 
2.54 
2.58 
2.57 


.  9558 

.9347 

2.58 

!  1.0325 

1.0491 

2.57 

1.1089 

1. 1679 

2.58 

1.1914 

1.2997 

2.59 

1.276 

1.4414 

2.58 

1.348 

1.5651 

2.62 

1.408 

.1.6707 

2.62 

1.446 

1.7388 

2.64 

1.492 

1.8226 

2.68 

Bazin's  Series,  No.  116, 
Crest  height,  2.46  feet. 


0.0745 

1 

0.177 

2.71 

0.2019 

0.076 

0.177 

0.0745 

2.71 

2 

.225 

.1068  1 

2.83 

.3022 

.112 

.225 

.1068 

2.83 

3 

.296 

.1611 

2.90 

.4672 

.169 

.296 

.1611 

2.90 

4 

.367 

.2224 

2.92 

.6494 

.229 

0.0008 

.8678 

.2232 

2.91 

5 

.436 

.2870 

2.95 

.M67 

.292 

.0013 

.4363 

.2879 

2.94 

6 

.504 

.3578  ; 

2.98 

1.0662 

.360 

.0020 

.5060 

.8599 

2.96 

7 

.537 

.3935  1 

2.99 

1.1776 

.392 

.0024 

.5894 

.8957 

2.98 

8 

.639 

.5108  ! 

3.01 

1.5376 

.497 

.0039 

.6429 

.5156 

2.98 

9 

.713 

.6021  1 

3.00 

1.8063 

.569 

.0051 

.7181 

.6084 

2.97 

10 

.781 

.6902  1 

3.00 

2.0706 

.640 

.0064 

.7874 

.6982 

2.96 

11 

.849 

.7823 

3.02 

2. 3625 

.713 

.0078 

.8568 

.7938 

2.98 

12 

.917 

.8781 

3.02 

2.6519 

.793 

.0097 

.9267 

.8925 

2.97 

18 

.986 

.9791  , 

3.05 

2.9863 

.864 

.0115 

.9976 

.9968 

8.00 

14 

1.053 

1.0805 

3.06 

8.8063 

.942 

.0137 

1.0667 

1.1021 

8.00 

15 

1.120 

1.1853 

3.08 

3.6507 

1.019 

.0162 

1.1362 

1.2108 

8.02 

16 

1.185 

1.28995 

8.09 

8.9a59 

1.092 

.0185 

1.2085 

1.3203 

3.02 

17 

1.251 

1.3992  j 

3.10 

4.3375 

1.169 

.0213 

1.2723 

1.4846 

3.02 

18 

1.317 

1.5114 

3.12 

4. 7156 

1.250 

.0243 

1.3418 

1.5S29 

8.04 
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Bazin^s  experiments  on  weirs  of  irregular  section — Ck)ntinued. 


•b  Series,  No.  117. 

/^ 

.    r-    «j«     -- 

, 

Bazin 

\a^0p^^^/^'^'fM 

^  i 

Crest 

height.  2.46  feet. 

'jiiimmMM 

>  T 

Cro80  section. 

Period. 

Observed 
head, 
experi- 
mental 
weir  D, 
in  feet. 

i>« 

Ci 

Q.  flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 
per 
second. 

6 

r 

e 

7 

H 

8 

6' 
10 

I 

2 

8 

4 

1 

0.158 

0.06282 

2.19 

0. 1376 

0.043 

0.158       0.0628 

2.19 

2 

.201 

.09212 

2.64 

.2432 

.091 



.204     1     .0921 

2.64 

3 

.289 

.1564 

2.57 

.3994 

.145 

.289         .1554 

2.56 

4 

.361 

.21691 

2.65 

.5126 

.182 

0.0005 

.3615       .2178 

2.35 

5 

.426     .27808 

2.73 

.7592 

.263 

.0011 

.4271       .2791 

2.72 

6 

.494 

.34724 

2.77 

.9619 

.321 

.0016 

.4956 

.3493 

2.76 

7 

.662 

.42134 

2.83 

1.1924 

.395 

.0025 

.5645 

AIM 

2.81 

8 

.635 

.5060 

2.82 

1.4267 

.461 

.0033 

.6883  i     .5096 

2.80 

9 

.708 

.59678 

2.86 

1.7049 

.539 

.0046 

.7125       .6020 

2.83 

10 

.771 

.67702 

2.89 

1.9566 

.606 

.0058 

.7768       .6849 

2.86 

11 

.834 

.76168 

2.91 

2.2156 

.674 

.0070 

.8410       .7713 

2.87 

1       ^ 

.912 

.87096 

2.93 

2.5619 

.768 

.0090 

.9210  '     .8839 

2.89 

1      13 

.989 

.98362 

2.95 

2.9014 

.841 

.0110 

1.0000     1.0000 

2.90 

14 

l.O&t 

1.0975 

2.95 

8.2376 

.919 

.0132 

1.0772     1.1177 

2.90 

15 

1.129 

1.1996 

2.95 

3.5388 

.987 

.0152 

1.1442 

1.2236 

2.89 

16 

1.197 

1.3096 

2.97 

8.8895 

1.062 

.0175 

1.2145 

1.8392 

2.90 

17 

1.267 

1.4262 

2.98 

4.2501 

1.139 

.0202 

1.2872 

1.4601 

2.91 

18 

1.886  |l.6442 

2.99 

4.6172 

1.214 

.0228 

1.3,588     1.5842 

2.91 

Bazin 

8  Series,  No.  136. 

^Ik 

Crest 

ength,  6.519  feet, 
height,  2.46  feet. 

Creat 

CroBB  section. 

1 

0.183 

0.0783 

8.90 

0.306 

0.12 

0.0002 

0.1832 

0.0783 

8.90 

2 

.244 

.1206 

3.86 

.467 

.  .17 

.0004 

.2444 

.1206 

3.87 

3 

.304     .1676 

3.86 

.647 

.23 

.0008 

.3048 

.1684 

3.84 

4 

.364     .2196 

3.86 

.849 

.30 

.0014 

.3654 

.2206 

3.85 

5 

.424     .2761 

3.88 

1.071 

.37 

.0021 

.4261 

.2781 

3.85 

6 

.484     .3867 

3.87 

1.304 

.44 

.0030 

.4870 

.3399 

8.&i 

7 

.542     .3990 

3.88 

1.548 

.52 

.0042 

.5462 

.4035 

3.84 

8 

.597  1  .4612 

8.89 

1.798 

.69 

.0064 

.6024 

.4671 

3.84 

1        9 

.668 

.6338 

3.91 

2.088 

.67 

.0070 

.6660 

.5423 

8.85 

10 

.718 

.6021 

8.92 

2.860 

.74 

.0085 

.7215 

.6136 

3.a5 

11 

.776 

.6836 

3.98 

2.684 

.83 

.0107 

.7867 

.6982 

3.84 

*2 

.880     .7562 

3.97 

3.001 

.91 

.0129 

.8427 

.7740 

3.88 

'      13 

.887 

.8354 

3.96 

3.300 

.99 

.0152 

.9022 

.8667 

3.85 

14 

.953 

.9808 

8.98 

3.701 

1.08 

.0181 

.9711 

.9668 

8.87 

15 

1.010 

1.0150 

3.97 

4.029 

1.16 

.0209 

1.0309 

1.0468 

3.86 

16 

1.068 

1.1087 

4.00 

4.417 

1.25 

.0243 

1.0923 

1.1411 

3.87 

17 

1.122 

1.1886 

3.99 

4.748 

1.33 

.0275 

1.1495 

1.2316 

3.86 

18 

1.179 

1.2802 

4.01 

5.133 

1.41 

.0309 

1.2099 

1.3310 

3.86 

19 

1.244 

1.8876 

4.0^ 
4.01 

6.564 

1.50 

.0350 

1. 2';90 

1.4446 

3.85 

20 

1.299 

1.4806 

5.935 

1.58 

.0388 

1.3378 

1.5477 

3.84 

21 

1.361 

1.5878 

4.03 

6.408 

1.68 

.0439 

1.4019 

1.6654 

3.86 
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Bazin^H  experiments  on  weirs  of  irregular  section — Coiitinued. 


Bazin's  Series,  No.  137. 
Crest  length,  6.523  feet. 
Crest  height,  2.46  feet. 


Crow  section. 


Observeil 

head. 

Period    ^xP^ri- 

renou.    mental 

weir  D. 

In  feet. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

n 

12 
13 
14 
15 
16 
17 
18 


0.268 

.332 

.391 

.451 

.513 

.578 

.637 

.700 

.765 

.822 

.8K7 

.946 

1.012 

1.078 

1.142 

1.201 

1.262 

1.322 


D^ 


S 

0.1388 

.1974 

.2445 

.3029 

.3674 

.4394 

.5084 

.5857 

.6692 

.7452 

.83M 

.9201 

1.0180 

1.1193 

1.22(V4 

1.3162 

1. 4178 

1.5200 


Q,  flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 
per 
second. 


3.47 
3.45 
3.50 
3.47 
3.53 
3.51 
3.51 
3.55 
3.56 
8.56 
3.56 
3.62 
3.59 
3.61 
3.60 
3.62 
3.62 
3.64 


0.482 
.680 
.856 

1.051 

1.295 ; 

1.540 
1.783 
2.080 
2.382 
2.652 
2.973 
3.834 
3.662 
4.043 
4.392 
4.778 
5.140 
5.533 


0.18 

.24 

.30 

.36 

.44 

.61 

.57 

.66 

.74 

.81 

.89 

.98 

1.05 

1.14 

1.22 

1.30 

1.38 

1.46 


t«2 
2P 


0.0006 
.0009 
.0014 
.0020 
.0030 
.0040 
.0061 
.0068 
.0085 
.0102 
.0123 
.0149 
.0171 
.0202 
.0231 
.0263 
.0296 
.0331 


H 

/H 

C 

8 
0.2686 

9 

11 

3.46 

0.1896 

.3329 

.1922 

3.54 

.3924 

.2464 

3.49 

.4530 

.3049 

3.46 

.6160 

.3707 

3.49 

.5820 

.4440 

3.47 

.6421 

.5144 

3.47 

.7068 

.5945 

3.50 

.7735 

.6797 

3.50 

.8322 

.7589 

3.49 

.8993 

.8524 

3.49 

.9609 

.W20 

3.54 

1.0291 

1.0438 

3.61 

1.0982 

1.1506 

3.51 

1.1651 

1.2575 

3.49 

1.2273 

1.3691 

3.52 

1.2916 

1.4686 

3.50 

1.3561 

1.5773 

3.51 

Bazin'8  Series,  No.  188. 
Crest  length,  6.532  feet. 
Crest  height,  1.64  feet. 


Crx>n  e«ction. 


1 

0.194 

2 

.263 

3 

.327 

4 

.391 

5 

.447 

6 

.510 

7 

.571 

8 

.626 

9 

.685 

10 

.745 

11 

.807 

12 

.873 

13 

.927 

14 

.992 

15 

1.045 

16 

1.110 

17 

1.176 

18 

1.233 

19 

1.289 

20 

1.355 

21 

1.429 

^ 

0.0854 
.1349 
.1870 
.2445 
.2989 
.8642 
.4314 
.4953 
.5670 
.6431 
.7260 
.8157 


1.0683 
1.1695 
1.2753 
1.3691 
1.4645 
1.5773 
1.7082 


8.57 
3.50 
8.48 
3.60 
3.56 
8.63 
3.62 
3.71 
8.66 
3.69 
3.70 
3.72 
8.72 
8.76 
8.80 
3.78 
8.79 
3.81 
3.82 
8.82 
3.83 


0.305 
.473 
.651 
.868 
1.064 
1.321 
1.560 
1.838 
2.075 
2.373 
2.683 
8.036 
3.318 
3.715 
4.060 
4.4^2 
4.851 
5.220 
5.577 
6.036 
6.542 


0.17 

0.0004 

0.1944 

0.0864 

3.67 

.25 

.0010 

.2640 

.1357 

3.48 

.83 

.0017 

.3287 

.1887 

8.45 

.42 

.0027 

.3937 

.2478 

3.47 

.60 

.0039 

.4519 

.3039 

8.50 

.61 

.0088 

.6158 

.8706 

S.56 

.70 

.0076 

.5786 

.4405 

3.54 

.81 

.0102 

.6362 

.6072 

3.62 

.89 

.0123. 

.6973 

.6820 

3.56 

.99 

.0152 

.7602 

.6626 

3.68 

1.09 

.0185 

.8265 

.7607 

3.57 

1.21 

.0228 

.8958 

.8481 

3.58 

1.29 

.0259 

.9529 

.9303 

3.66 

1.41 

.0309 

1.0229 

1.0847 

8.69 

1.51 

.0364 

1.0804 

1.1224 

8.62 

1.61 

.0403 

1.1603 

1.2332 

8.58 

1.72 

.0460 

1.2220 

1.8608 

8.69 

1.82 

.0515 

1.2845 

1.4650 

3.69 

1.90 

.0661 

1.3451 

1.6599 

8.68 

2.01 

.0628 

1.4178 

1.6886 

3.67 

2.13 

.0705 

1.4995 

1.8362 

8.66 
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BazMs  experiments  on  weirs  of  irregtUar  section — Continued. 

Basin's  Series,  No.  145. 

Crest  length,  6.541  feet. 

Crest  height,  1.64  feet. 

Groes  section. 


Observed 
head, 

weir  D, 
in  feet. 


D* 


Q,  flow 

per  foot, 

experi- 

mental 

1 

weir,  In 

cubic  feet 

per 
second,  i 


2</ 


// 


10 


8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


0.359 

.424 

.479 

.547 

.592 

.658 

.720 

.781 

.835 

.902 

.962 

1.032  I 

1.087 

1. 152  I 

1.210  ' 

1.274  I 

1.834  I 

1.396 

1.467  I 


0. 2151 

.2761 

.3315 

.4046 

.4636 

.5838 

.6109 

.6902 

.7631 

.8567 

.9435 

1.0484 

1.1333 

l.2a&i 

1.3310 

1.4380 

1.M08 

1.6494 

1.7768  ' 


3.02 

3.10 

3.18 

3.25 

3.35 

3.38 

3.42 

3.47 

8.49 

3.53 

3.53 

3.53 

3.58  j 

3.58 

3.61  ' 
3.61 

3.62  I 
3.64 
3.64 


i 


0.649 
.866 
1.053 
1.316 
1.553 
1.8a5 
2.090 
2.394 
2.663 
3.025 
3.332 
3.707 
4.(M5 
4.408 
4.801 
.5.198 
5.575 
6.006 
6.479 


0.32 

.42 

..50 

.60 

.69 

.78 

.89 

.99 

1.07 

1.19 

1.28 

1.39 

1.48 

1.58 

1.68 

1.78 

1.88 

1.98 

2.09 


0.0016 
.0027 
.0039 
.0056 
.0074 
•0095 
.0123 
.0152 
.0178 
.0220 
.0255 
.0300 
.0»il 
.0388 
.0439 
.0493 
.0549 
.0609 
.0679 


0.3606 
.4267 
.4809 

i 


0. 2169  2. 99 
.2790  3.07 
.3335  ,    3.16 


..5526 

.4112 

3. '20    ] 

..5994 

.4636 

3.83 

.6675 

.5447 

3.81 

.7323 

.6263 

8.34 

.7962 

.7102 

8.37 

.8528 

.7878 

3.88 

.9240 

.8882 

8.41 

.9875 

.9806 

3.40 

1.0620 

1.0944 

3.39 

1.1211 

1.1869 

3.41 

1.1908 

1.2997 

3.89 

1.-2539 

1.4042 

8.42 

1.3'233  t  1.521H 

3.42 

1.3889 

1.6370 

3.40 

1.4569 

1.7.586 

3.42 

1.5349 

1.9016 

3.41 

Bazin'8  Series,  No.  141. 
(•rest  length.  6.520  feet, 
(rent  height.  2.46  feet. 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


0.215  I  0.0997 


.281 
.355 
.425 
.489 
.561 
.624 
.692 
.758 
.822 
.888 
.956  I 
1.029  I 
1.113  ' 
1. 165  t 
1.237 
1.298  I 
1.369  ' 
1.481 
1.463  I 


.1490 
.2116 
.•2771 
.3420 
.4202  I 
.4929 
.5767  f 
.6600  j 
.7462 
.8368  ' 
.9347  ' 
1.0438 
1. 1742 
1.2575 
1.8758 
1.4788 
1.6018 
1.7118 
1.7696 


IRR  160—06 7 


Gross  seotlon. 

3.02 

0.301 

0.11 

0.0002 

0.2152 

0.0997 

8.02 

3.09 

.460 

.17 

.OOW 

.2814 

.1490 

3.09 

3.07 ; 

.650 

.24 

.0009 

.3559 

.2124 

3.06 

3.04 

.842 

.29 

.0013 

.4263 

.2781 

3.02 

3.08 

1.053 

.37 

.0021 

.4911 

.8441  j 

3.06 

3.08 

.  1.2W 

.43 

.0029 

.5639 

.4235 

3.06 

3.17 

1.562 

.51 

.0040 

.6280 

.4976 

3.14 

3.11 

1.791 

.57 

.0051 

.6971 

..5820  1 

3.08 

3.12 

2.059 

.64 

.0064 

.7644 

.6678 

3.08 

3.15 

2.347 

.72 

.0081 

.8801 

.7562 

3.10 

3.17 

2.663 

.79 

.0097 

.8977 

.8509 

3.12 

3.19 

2.983 

.87 

.0118 

.9678 

.9523 

3.13 

3.17 

3.309 

.95 

.0140 

1.0430 

1.0652 

3.12 

3.20 

3.757 

1.04 

.0168 

1.1298 

1. 2012 

3.13 

3.21 

4.045 

1.12 

.0195 

1.1845 

1.2884 

3.14 

3.20 

4.416 

1.19 

.0220 

1.2590 

1.4127 

3.13 

3.22 

4.766 

1.27 

.0251 

1.3231 

1.5218 

3.13 

3.22 

5. 1.52 

1.34 

.0279 

1.3969 

1.6511 

8.12 

3.24 

5.540 

1.42 

.031.3 

1.4f.23 

1.7677 

8.13 

8.25 

5. 7.52 

1.47 

1 

.0336 

1.4966 

1.8307  i 

1 

3.14 
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BaziiCa  experiments  on  weirs  ofirreguUir  section — Continued. 


Bazin'H  8crie8,  No.  142. 

I 

'^W'^^ 

0:i 

Crest 

length,  6.523  feet, 
height,  2.46  feet. 

/yZyj/y///^ 

im 

Crest 

Observed 
1    head, 
1  experi- 
mental 
weir  D, 
in  feet. 

i>« 

Cro«8  section. 

'  Period. 

1 

Ci 

! 

Q,  flow 
per  foot, 
1  experi- 
1  mental 
1  weir,  in 
cubic  feet 
1      per 
second. 

1         V 

1* 

2g 

H 

//» 

1 

c 

1 

t 

8 

4 

o 

6 

'       7 

8 

9 

_'•_ 

1 

o.:wo 

0.1&13 

2.83 

0.464 

0.17 

;  o.ootM 

0.3004 

0.1643 

2.82 

2 

.369 

.2242 

2.87 

.fr43 

.23 

'     .0008 

.:W98 

.2251 

2.86     ' 

3 

.447 

.2989 

2.87 

.851 

1         -29 

.0013 

.4483 

.2999 

2.84 

4 

.609 

.3631 

2.86 

1.038 

.35 

.0019 

.5109 

.3662 

2.84 

5 

.591 

.4544 

2.88 

1.308 

.43 

.0029 

..5939 

.  4578 

2.86 

6 

.6% 

.6435 

2.86 

1.554 

.50 

.0039 

.(i699 

.M84 

2.83 

■        7 

.727 

.6199 

'      2.92 

1.810 

.57 

.0051 

.7327 

.6263 

2.89 

8 

.796 

.7089 

2.94 

2.084 

i        -^ 

!     .0064 

.8014 

.7155 

2.91 

9 

.861 

.7989 

2.94 

2.349 

.71 

.0078 

.8688 

.8101 

2.90 

10 

.934 

.902-/ 

2.95 

2.664 

.78 

.0095 

.9435 

.9158 

2.91 

11 

1.007 

1.0105 

2.96 

2.980 

,        .86 

.0115 

1.0185 

1.0286 

2.89 

12 

1.079 

1.1208 

2.98 

3.338 

1        .94 

.0137 

1.0927 

1. 14*27 

2.92     1 

13 

1.149 

1.-2316 

2.98 

3.665 

1.01 

.0159 

l.lfr49 

1.-2575 

2.92     , 

14 

-     1.222 

1.3508 

2.99 

4.037 

1.10 

.0188 

1.2408 

1.3824 

2.92    \ 

15 

1.285 

1.4567 

3.00 

4.370 

1.17 

.0213 

1.3063 

1.4925 

2.93 

16 

1.362 

1.5895 

3.00 

4.770 

1.25 

.0243 

1.3863 

1.6317 

2.92 

17 

1.430 

1.7100 

3.01 

5. 147 

1.30 

.0263 

1.4563 

-1.7669 

2.98 

Bazin 

8  Series,  N 

o.  139. 

"lim^ 

Crest 

ength,  6.6 
tieight,  1.5 

82  feet. 
4  feet. 

0.0828 

3.66 

Crest  1 

OrosBw 

action. 

0.0828 

1 

0.190 

0.303 

0.17 

0.0004 

0.19(V4 

3.66 

2 

.253 

.1273 

3.68 

.467 

.2.5 

.0010 

.2540 

.1280 

3.66 

3 

.312 

.1743 

3.72 

.647 

.33 

.0017 

.3137 

.1759 

3.68 

4 

.375 

.2297 

3.66 

.841 

.42 

.0027 

.3777 

.2823 

3.62 

5 

.434 

.2860 

3.73 

1.067 

.52 

.0042 

.\m. 

.2899 

3.68 

6 

.500 

.3536 

3.72 

1.317 

.62 

.0060 

.5060 

.8600 

8.66 

7 

.552 

.4101 

3.78 

1.650 

.71 

.0078 

.5598 

.4191 

3.70 

8 

.616 

.4823 

3.76 

1.812 

.80 

.0099 

.6249 

.4941 

8.67 

9 

.667  1 

.5447 

3.82 

2.081 

.90 

.0126 

.6796 

.8607 

3.71 

10 

.733 

.6276 

3.79 

2.380 

1.00 

.0155 

.7485 

.W82 

3.67 

11 

.798 

.7128 

3.80 

2.709 

1.11 

.0192 

.81?2 

.7385 

3.67 

12 

.862 

.7865 

3.M 

3.022 

1.21 

.0228 

.8748 

.8186 

3.69 

13 

.916 

.8763 

3.86 

3.378 

1.32 

.0271 

.9421 

.9143 

3.68 

14 

.969 

.9638 

3.87 

3.692 

1.41 

.0309 

.9961 

.9940 

8.71 

15      j 

1.023 

1.0347 

3.92 

4.038 

1.62 

.0359 

1.0689 

1.0897 

8,71 

16 

1.092 

1.1411 

3.90 

4.446 

1.63 

.0413 

1.1833 

1.2060 

3.68 

17 

1. 151 

1.2348 

3.90 

'4.816 

1.72 

.0460 

1.1970 

1.3096 

3.68 

18 

1.210 

1.3310 

3.W 

6.240 

1.84 

.0526 

1.2626 

1.4194 

8.69 

19 

1.268  j 

1.4110 

3.95 

6.570 

1.92 

.0573 

1.3163 

1.5080 

8.69 

20 

1.326  ! 

1.5269 

3.93 

6.013 

2.03 

.0641 

1.3901 

1.6388 

3.67 

.  1  J 

1.394 

1.6459 

3.93 

6.4M 

2.13 

.0706 

1.4645 

1.7714 

8.66 
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Bazm^s  experiments  on  weirs  ofirregtUar  section — Continued. 

Basin's  Series,  No.  140. 
Crest  length,  6.532  feet 
Crest  height,  1.64  feet  Crow  section. 


Period. 

1 

Observed 
head, 
experi- 
mental 
weiri), 
in  feet 

i>» 

Ci 

Q,  flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 

per 
second. 

V 

20 

H 

5* 

C 

1 

8 

t 

4 

6 

• 

7 

8 

• 

10 

3.74 

1 

0.192 

0.0835 

8.77 

0.315 

0.17 

0.0004 

0.1924 

0.0841 

1        2 

.252 

.1265 

3.74 

.478 

.25 

.0010 

.2530 

.1271 

3.72 

>        3 

.306 

.1709 

3.75 

.641 

.33 

.0017 

.8097 

.1726 

3.71 

4 

.371 

.2260 

8.71 

.838 

.42 

.0027 

.8727 

.2278 

3.68 

5 

.436 

.2879 

3.77 

1.086 

.52 

.0042 

.4402 

.2919 

8.72 

6 

.488 

.3399 

3.74 

1.276 

.60 

.0066 

.4936 

.3472 

3.66 

7 

.549 

.4068 

3.81 

1.551 

.71 

.0078 

.5568 

.4157 

3.73 

8 

.604 

.4094 

8.82 

1.792 

.80 

.0099 

.6139 

.4811 

3.72 

1        9 

.664 

.5411 

3.83 

2.072 

.90 

.0126 

.6766 

.5670 

3.72 

10 

.719 

.6096 

3.84 

2.342 

.99 

.0152 

.7342 

.6289 

8.72 

'       11 

.785 

3.88 

2.700 

1.11 

.0192 

.8042 

.7209 

3.74 

1       12 

.837 

.  7668 

3.88 

2.968 

1.20 

.0224 

.8594 

.7961 

3.73 

13 

.906 

.8610 

3.92 

3.375 

1.32 

.0271 

.9321 

.8998 

3.75 

1       14 

.961 

.9421 

8.90 

8.674 

1.41 

.0309 

.9919 

.9880 

3.72 

15 

1.023 

1.0847 

8.96 

4.069 

1.53 

.0364 

1.0594 

1.0698 

3.73 

16 

1.080 

1.1224 

3.93 

4.402 

1.62 

.0408 

1.1208 

1.1869 

3.71 

17 

1.143 

1.2220 

8.97 

4.848 

1.74 

.0471 

1.1901 

1.2981 

3.73 

18 

1.196 

1.3068 

3.96 

5.187 

1.83 

.0621 

1.2471 

1.8925 

3.?2 

19 

1.254 

1.4043 

8.97 

5.558 

1.92 

.0573 

1.3113 

1.5011 

3.70 

20 

1.316 

1.5097 

3.99 

6.024 

2.03 

.0641 

1.8801 

1.6211 

8.72 

21 

1.375 

1.6123 

4.01 

6.466 

2.14 

.0712 

1.4462 

1.7888 

3.71 

Bazin'B  Series,  No.  147. 
Crest  length,  6.536  feet 
Crest  height  2.46  feet. 


Gross  Motion. 


1 

0.281 

0.1110 

2.75 

2 

.808 

.1709 

2.86 

3 

.873 

.2278 

2.86 

4 

.488 

.2899 

2.97 

5 

.508 

.8568 

8.02 

6 

.569 

.4292 

8.13 

7 

.637 

.5084 

3.20 

8 

.681 

.5620 

3.24 

9 

.784 

.6289 

3.34 

10 

.797 

.7115 

3.40 

11 

.845 

.7768 

8.44 

12 

.898 

.8510 

8.53 

13 

.963 

.9808 

8.57 

14 

1.015 

1.0226 

8.68 

15 

1.063 

1.0960 

3.67 

16 

1.116 

1.1774 

3.73 

17 

1.165 

1.2575 

3.79 

18 

1.217 

1.3426 

3.83 

19 

1.266 

1.4228 

3.85 

20 

1.332 

1.5873 

3.89  1 

21 

1.394 

1.6459 

3.98 

0.305 
.485 
.652 
.861 
1.078 
1.848 
1.626 
1.821 
2.109 
2.417 
2.673 
8.004 
3.320 
3.708 
4.087 
4.401 
4.775 
5.132 
5.467 
5.991 
6.667 


0.11 

.18 

.23 

.80 

.37 

.41 

.54 

.58 

.66 

.74 

.81 

.89 

.97 

1.06 

1.15 

1.22 

1.31 

1.40 

1.47 

1.58 

1.68 


0.0002 
.0005 
.0006 
.0014 
.0021 
.0030 
.0045 
.0052 
.0068 
.0083 
.0102 
.0123 
.0146 
.0175 
.0206 
.0281 
.0267 
.0305 
.0886 
.0388 
.0439 


0.2812 

0.1110 

.8085 

.1709 

.3738 

.2287 

.4394 

.2909 

.5051 

.3589 

.5720 
.6415 
.6862 
.7408 
.8053 
.8552 
.9108 
.9676 
1.0825 
1.0636 
1.1881 
1. 1917 
1.2475 
1.2986 
1.8708 
1.4379 


.4326 
.5132  i 
.5682  I 
.6378  j 
.7228  ' 
.7906  ' 
.8681  , 
.9523  I 
1.0484  { 
1.1286 
1.2140 
1.3013  j 
1.3925 
1.4805 
1.6053 
1.7244 


2.75 
2.84 
2.85 
2.96 
3.00 
3.10 
3.17 
3.20 
3.31 
3.35 
3.38 
3.46 
3.49 
3.53 
3.58 
3.62 
3.67 
3.68 
3.70 
8.73 
3.  HI 
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WEIR    EXPERIMENTS,   COEFFICIENTS,   AND   FORMULAS. 


liazin^s  experiments  on  weirs  of  irregular  section — Continued. 


Bazin'8  Series.  No.  149. 
Crest  length,  6.518  feet. 
Crest  height.  2.46  feet. 


Cross  section. 


Period. 

Observed 
head, 
experi- 
mental 
weir  V, 
in  feet. 

lA 

c\ 

Q,  flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 
per 
second. 

- 

2i7 

H 

C 

1 

:2 

8 

4 

6 

e 

7 

0.0002 

8 

9 

10 

1 

0.248 

0.1236 

2.66 

0.816 

0.12 

0.2482 

0.1285 

2.56 

2 

.317 

.1785 

2.58 

.462 

.17 

.0004 

.3174 

.1785 

2.59 

3 

.390 

.2436 

2.67 

.651 

.23 

.0008 

.3908 

.2445 

2.66 

4 

.456 

.3070 

2.78 

.838 

.29 

.0013 

.4663 

.3080 

2.72 

5 

.521 

.3761 

2.82 

1.060 

.36 

.W20 

.5230 

.3782 

2.80 

6 

.585 

.4475 

2.89 

1.296 

.43 

.0030 

.6850 

.4475 

2.89 

7 

.653 

.5277 

2.97 

1.668 

.51 

.0040 

.6570 

.5325 

2.94 

8 

.706 

.5920 

3.00 

1.776 

.56 

.0049 

.7099 

.5988 

2.97 

9 

.766 

.6706 

8.08 

2.067 

.64 

.0064 

.7724 

.6788 

3.05 

10 

.818 

.7398 

8.16 

2.388 

.71 

.0078 

.8258 

.7507 

3.11 

11 

.    .882 

.8283 

3.23 

2.674 

.80 

.0099 

.8979 

.8509 

8.14 

12 

.942 

.9148 

3.30 

3.016 

.89 

.0128 

.9643 

.9318 

3.23 

13 

.999 

.9985 

3.36 

3.356 

.97 

.0146 

1.0156 

1.0241 

8.28 

14 

1.051 

1.0774 

8.39 

3.627 

1.08 

.0165 

1.0665 

1.1006 

8.30 

15 

1.103 

1.1584 

3.45 

4.002 

1.12 

.0195 

1.1225 

1.1885 

3.37 

16 

1.166 

1.2575 

3.49 

4.397 

1.20 

.0224 

1.1874 

1.2932 

3.40 

17 

1.209 

1.8294 

8.62 

4.682 

1*.27 

.0261 

1.2341 

1.3708 

3.42 

18 

1J281 

1.4499 

8.67 

5.177 

1.38 

.0296 

1.8106 

1.6011 

8.45 

19 

1.830 

1.5338 

8.60 

5.508 

1.46 

.0327 

1.3627 

1.5912 

8.46 

20 

1.385 

1.6300 

8.63 

5.917 

1.54 

.0369 

1.4219 

1.6966 

3.49 

21 

1.446 

1.7888 

3.67 

6.386 

1. 64 

.0418 

1.4878 

1.8151 

3.52 

Bazin'H  Scries,  No.  150. 
Crest  length,  6.618  feet 
Crest  height,  2.46  feet 

0.12 

U^^ 

0.0002 

Cross  sectfon. 

1 
0.2482  ,  0.1286 

1 

0.248 

0.1235 

2.63 

0.314 

2.54 

2 

.323 

.1836 

2.66 

.488 

.16 

.0004 

.3234 

.1836 

2.66 

3 

.379 

.2333 

2.78 

.648 

.23 

.0008 

.3798 

.2342 

2.77 

4 

.459 

.3110 

2.82 

.877 

.30 

.0014 

.4604 

.3120 

2.81 

5 

.512 

.3664 

2.91 

1.065 

.36 

.0020 

.5140 

.3685 

2.89 

6 

.686 

.4486 

2.96 

1.329 

.43 

.0029 

.5889 

.4621 

2.94 

7 

.637 

.5084 

8.07 

1.560 

.50 

.0039 

.6409 

.5182 

8.04 

8 

.698 

.5832 

3.12 

1.819 

.57 

.0061 

.7031 

.5895 

3.09 

9 

.751 

.6508 

3.18 

2.070 

.64 

.0064 

.7674 

.6687 

3.14 

10 

.814 

.7344 

3.26 

2.393 

.73 

.0083 

.8223 

.7462 

3.21 

11 

.869 

.8101 

3.81 

2.681 

.80 

.0099 

.8789 

.8241 

3.26 

12 

.928 

.8940 

3.37 

3.013 

.89 

.0123 

.9403 

.9114 

3.81 

13 

.982 

.9732 

3.42 

3.328 

.97 

.0146 

.  WOO 

.9956 

3.34 

14 

1.043 

1.0652 

3.47 

8.713 

1.06 

.0175 

1.0605 

1.0918 

8.40 

15 

1.095 

1. 1459 

3.51 

4.037 

1.13 

.0199 

1.1149 

1.1774 

8.43 

16 

1.152 

1.2364 

3.56 

4.414 

1.22 

.0231 

1.1751 

1.2737 

3.46 

17 

1.215 

1.3393 

3.58 

4.797 

1.30 

.026:i 

1.2413 

1.3825 

3.47 

18 

1.259 

1.4127 

3.63 

5.118 

1.38 

.0296 

1.2856 

1.4684 

S.51 

19 

l.Sl.'S 

l.ooso 

3.  (y-) 

5..^12 

1.46 

.0331 

l.:W81 

1.5651 

3.52 

20 

1.323 

l..'i2KS 

3.  iWi 

^JAH 

1.47 

.0336 

1.^-166 

1.5807 

3.61 

21 
22 

1.380 
1.439 

1.6211 
1.7262 

3.r.8 

H.73 

5.  %2 
0.416 

l.fV> 
1.6-1 

.0374 
.0418 

4;^ 

^^1 

WEIRS    OF   IRREGULAR   SECTION. 
Bazin*s  exjyerimenta  an  weirs  of  irregular  section — Continued. 


77 


Bazin" 

B  Series,  No.  151. 

T-4Si 

M 

Crest  length,  6.650  feet. 

hm 

^^ 

Crest  beiflrht.  2.46  fftet. 

^ 

Cross  section. 

Period. 

Obeerred 
head, 
experi- 
mental 
weir  D, 
in  feet. 

J^ 

a 

Q,  flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 

per 
second. 

6 

V 

2f7 
7 

8 

9 

C 

1 

« 

8 

4 

6 

10 

1 

0.201 

0.0901 

2.71 

0.244 

0.09 

0.0001 

0.2011 

0.0901 

2.71 

2 

.240 

.1176 

2.81 

.329 

.12 

.0002 

.2422 

.1191 

2.76 

S 

.307 

.1701 

2.79 

.474 

.17 

.0004 

.3074 

.1701 

2.79 

4 

.891 

.2445 

2.79 

.684 

.24 

.0009 

.3919 

.2464 

2.79 

6 

.445 

.2969 

2.92 

.867 

.30 

.0014 

.4464 

.2979 

2.91 

6 

.614 

.8685 

2.95 

1.089 

.37 

.0021 

.5161 

.3707 

2.94 

7 

.687 

.3936 

2.98 

1.174 

.39 

.0024 

.5394 

.3957 

2.97 

8 

.678 

.4837 

8.05 

1.324 

.43 

.0030 

.5760 

.4371 

3.03 

9 

.643 

.6156 

3.09 

1.594 

.51 

.0040 

.6470 

.5204 

3.06 

10 

.695 

.6796 

3.20 

1.856 

.59 

.(mi 

.7004 

.5857 

3.17 

U 

.766 

.6674 

3.24 

2.129 

.66 

.0068 

.7628 

.6666 

3.19 

12 

.800 

.7166 

3.30 

2.362 

.T2 

.0081 

.8081 

.7263 

3.25 

13 

.826 

.7507 

3.31 

2.486 

.76 

.0090 

.8350 

.7631 

3.26 

14 

.867 

.8078 

8.86 

2.712 

.81 

.0102 

.8772 

.8213 

8.80 

15 

.921 

.8839 

3.89 

2.997 

.89 

.0128 

.9333 

.9013 

8.82 

16 

.976 

.9628 

3.46 

3.332 

.97 

.0146 

.9896 

.9850 

3.38 

17 

1.027 

1.0406 

3.61 

3.658 

1.04 

.0168 

1.0438 

1.0667 

3.47 

18 

1.090 

1.1380 

3.62 

4.013 

1.13 

.0199 

1.1099 

1.1695 

3.48 

19 

1.112 

1.1?27 

8.57 

4.177 

1.17 

.0218 

1.1883 

1.2060 

3.46 

20 

1.140 

1.2172 

3.60 

4.382 

1.22 

.0281 

1.1681 

1.2543 

3.60 

21 

1.209 

1.3294 

3.61 

4.801 

1.31 

.0267 

1.2857 

1.3741 

8.49 

22 

1.248 

1.3942 

3.64 

6.060 

1.36 

.0288 

1.2768 

1.4431 

3.61 

23 

1.314 

1.5063 

3.68 

8.567 

1.47 

.0386 

1.3476 

1.6651 

3.56 

24 

1.362 

1.5721 

3.71 

6.826 

1.52 

0359 

1.3879 

1.6352 

3.56 

26 

1.416 

1.6860 

3.75 

6.337 

1.64 

.0418 

1.4578 

1.7604 

3.60 
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Hazin'a  erperimenU  on  n^rs  of  irregular  section — Cc»ntinued. 


Bazln' 

s  Series,  No.  168. 

I" 

■■>^5^ 

Cre«t  length,  6.515  feet. 
Crest  height,  2.46  feet. 

f«i 

fc? 

^2^ 

CrOMsectloB. 

»eriod. 

Observed 
head, 
experl- 
menUil 
weir  A 
In  feet. 

lA 

Q 

Q,  floir 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 

per 
second. 

V 

2p 

H 

/f« 

C 

1 

8 

t 

4 
2.73 

6 

0.314 

0.12 

'7~~ 

8 

9 

10 

2.72 

1 

0.237 

0.1164 

0.0002 

0.28/2 

0.1154 

2 

.301 

.1661 

2.77 

.457 

.16 

.0004  '     .3014 

.1651 

2.77 

3 

.372 

.2269 

2.79 

.633 

.22 

.0008 

.3728 

.2278 

2.78 

4 

.373 

.2278 

2.83 

.646 

.23 

.0008 

.3738 

.•2287 

2.82 

5 

.440 

.2919 

2.90 

.847 

.29 

.0013 

.4413 

.2929 

2.89 

6 

.506 

.8589 

2.93 

1.052 

.86 

.0019 

.6069 

.3610 

2.91 

7 

.676 

.4871 

3.00 

1.311 

.43 

.0030 

.6790 

.4406 

2.98 

8 

.637 

.6084 

3.07 

1.560 

.60 

.0039 

.6409 

.5132 

3.04 

9 

.696 

.6807 

3.10 

1.801 

.67 

.0061 

.7011 

.5870 

3.07 

10 

.701 

.5870 

8.10 

1.820 

.68 

.0062 

.7062 

.5933 

3.07 

a 

.760 

.6626 

3.15 

2.085 

.66 

.0066 

.7666 

.6717 

3.10 

12 

.762 

.6662 

3.16 

2.101 

.66 

.0066 

.7686 

.6743 

3.12 

13 

.814 

.7344 

3.20 

2.349 

.72 

.0081 

.8221 

.7462 

8.15 

14 

.879 

.8241 

3.25 

2.678 

.80 

.0099 

.8889 

.8381 

3.20 

16 

.937 

.9071 

3.29 

2.984 

.88 

.01-20 

.9490 

.9245 

8.23 

16 

.993 

.9896 

3.84 

3.307 

.96 

.0143 

1.0078 

1.0105 

3.27 

17 

1.001 

1.0016 

8.33 

3.330 

.96 

.0143  1  1.0168 

1.0226 

3.26 

18 

1.056 

1.0836 

3.40 

3.672 

1.05 

.0171 

1.0721 

1.1099 

8.31 

19 

1.102 

1.1669 

3.41 

3.966 

1.11 

.0192 

1.1212 

1.1869 

3.83 

20 

1.170 

1.2666 

3.46 

4.894 

1.21 

.0228 

1.1928 

1.3030 

8.37 

21 

1.226 

1.3676 

3.48 

4.733 

1.28  1 

.0255 

1.2615 

1.3992 

8.38 

22 

1.290 

1.4662 

8.51 

5.169 

1.38 

.0296 

1.3196 

1.5166 

3.40 

23 

1.289 

1.4685 

8.62 

6.189 

1.87 

.0292  i  1.3182 

1.6132 

3.40 

24 

1.347 

1.5634 

3.63 

6.607 

1.45 

.0827     1.8791 

1.6193 

8.40 

25 

1.404 

1.6636  , 

3.58 

6.943 

1.54 

.0369  1  1.4409 

1.7298 

3.44 

26 

1.436 

1.7206 

3.68 

6.158 

1.58 

.0388     1.4748 

1 

1.7914 

8.44 

Digitized  by  CjOOQIC 


"WEIRS   OF  IBBEOULAR  SECTION. 


79 


BazirVs  experiments  on  weirs  of  irregular  section — Continued. 

Bazin's  Series,  No.  154. 
Crest  length,  6.616  feet. 
Creflt  height,  2.46  feet. 

CroiM  Beotton. 


Period. 

Obeerred 
head, 
experi- 
mental 
weir  D. 
in  feet. 

jA 

Ci 

Q.flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 

per 
second. 

V 

H 

H* 

C 

» 

« 

t 
0. 1147 

4 
2.70 

5 

6 

7 

8 

9 

10 

1 

0.2S6 

0.811 

0.12 

0.0002 

0.2632 

0.1849 

2.80 

2 

.906 

.1700 

2,74 

.469 

.17 

.0004 

.3064 

.1709 

2.74 

8 

.873 

.2278 

2.83 

.645 

.23 

.0008 

.3738 

.2287 

2.82 

4 

.447 

.2960 

2.86 

.862 

.29 

.0013 

.4483 

.2999 

2.84 

5 

.508 

.8821 

2.96 

1.068 

.86 

.0020 

.6100 

.8642 

2.94 

6 

.677 

.4882 

2.97 

1.801 

.87 

.0021 

.6791 

.4406 

2.96 

7 

.648 

.6166 

8.04 

1.509 

.51 

.0040 

.6470 

.6204 

3.02 

8 

.706 

.6933 

3.07 

1.821 

.57 

.0061 

.7111 

.6996 

3.04 

9 

.760 

.6626 

3.17 

2.10i 

.66 

.0066 

.7666 

.6717 

8.11 

10 

.823 

.7466 

8.20 

2.889 

.73 

.0088 

.8318 

.7676 

3.16 

U 

.888 

.8368 

3.20 

2.678 

.80 

.0099 

.8979 

.8509 

3.16 

12 

.946 

.9201 

3.24 

2.981 

.87 

.0118 

.9678 

.9876 

3.18 

13 

1.011 

1.0166 

3.28 

8.834 

.96 

.0148 

1.0258 

1.0877 

3.21 

14 

1.076 

1. 1146 

8.81 

8.674 

1.08 

.0166 

1.0916 

1.1396 

3.22 

16 

1.138 

1.2140 

3.86 

4.066 

1.13 

.0199 

1.1679 

1.2461 

3.26 

16 

1.196 

1.3063 

3.37 

4.416 

1.20 

.0224 

1.2174 

1.3426 

3.29 

17 

1.260 

1.3976 

3.40 

4.760 

1.28 

.0266 

1.2756 

1.4397 

3.31 

18 

1.810 

1.4994 

3.43 

6.146 

1.36 

.0288 

1.3888 

1.6494 

3.32 

19 

1.870 

1.6085 

3.46 

6.620 

1.44 

.0322 

1.4022 

1.6601 

3.82 

20 

1.480 

1.7100 

8.48 

5.951 

1.68 

.0864 

1.4664 

1.7760 

3.36 
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Bnzin's  experiments  oii  weirs  of  irregular  section — Continutnl. 

Bazin'8  Series,  No.  166. 
Crest  height,  2.46  feet. 
Crest  width,  0.66  foot. 
Upstream  slope,  4  to  1. 
Downstream  slope,  5  to  1. 


Period. 

Observed 
head, 
experi- 
mental 
weir />. 
in  feet. 

i>i 

0 

Q.  flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 
per 
second. 

f 
6 

1^ 

7 

U 

7/* 

C 

1 

8 

4 

5 

K 

• 

TO 

1 

0.246 

0.1220 

2.76 

0.337 

0.12 

0.0002 

0.2462 

0.1220 

•2.76 

2 

.311 

.1734  1      2.80 

.486 

.17 

.0004 

.3114 

.1734 

2.80    1 

3 

.382 

.  2361         2. 84 

.671 

.24 

.0009 

.3829  .    .2870 

2.83 

4 

.446 

.  2979         2. 90 

.864 

.30 

.0014 

.  4474       .  2989 

2.89 

5 

.508 

.  3621         2. 91 

1.054 

.36 

.0020 

.5100       .8642 

2.89 

6 

.576 

.4371 

2.95 

1.289 

.42 

.0027 

.5787  1     .4406 

2.92 

7 

.688 

jme  1     3.01 

1.534 

.49 

.0037 

.6417  1     .6144 

2.98 

8 

.703 

.5895 

3.06 

1.804 

.57 

.0051 

.7081 

.5958 

3.03 

9 

.764 

.6678 

3.10 

2.070 

.64 

.0064 

.7704 

.6757 

3.06 

10 

.834 

.7617 

3.13 

2.384 

".72 

.0081 

.8421 

.7727 

3.08 

11 

.888 

.8368 

3.17 

2.653 

.79 

.0097 

.8977  !     .8.510 

3.12 

;     12 

.966 

.9347 

3.24 

3.028 

.88 

.0120 

.9680       .9524 

8.18 

13 

1.018 

1.0272 

3.22 

3.309 

.95 

.0140 

1.0320  !  1.0484 

8.16 

14 

1.074 

1.1130         3.80 

3.673 

1.04 

.0168 

1.0908     1.1396 

3.22 

15 

1.139 

1.2166         3.29 

3.999 

1.11 

.0192 

1.1582     1.2462 

3.21 

16 

1.203 

1.8194         3.31 

4.367 

1.19 

.0220 

1.2250     1.3558 

3.22 

17 

1.267 

1.4262         3.34 

4.764 

1.26 

.0247 

1.2917     1.4686 

3.24 

18 

1,341 

1.5529         3.36 

5.218 

1.37 

.0292 

1.3702     1.6036 

3.25 

19 

1.894 

1.6459         8.36 

5.530 

1.43 

.0318 

1.4258     1.7028 

8.26 

20 

1.457 

1.7587         3.39 

5. 962 

1.62 

.03.59 

1.4929     1.8241 

3.27 

Baain' 
Crest  1 

8  Series,  N 
ength,  6.52 
leight,  2.4e 

0.168. 
»feet. 
tfeet. 

Crest  1: 

Cross  section. 

1 

0.234 

0.1132'      2.79 

0. 316 

0.12 

0.0002 

0.2342     0.1132 

2.79 

2 

.312 

.1743        2.72 

.474 

.17 

.0004 

.3124 

.1743 

2.72 

3 

.383 

.2370         2.77 

.6.56 

.23 

.0008 

.3838 

.2379 

2.76 

4 

.457 

.3090         2.79 

.  862 

.29 

.0013 

.4588 

.3100 

2.78 

5 

.530 

.3858         2.81 

i.oa5 

.36 

.0020 

.6320       .3880 

2.80 

6 

.600 

.  4648         2. 82 

1.311 

.43 

.0030 

.6030  1     .4683 

2.80 

7 

.672  , 

.  r»509         2. 86 

1.576 

.50 

.0089 

.6769       .6567 

2.84 

8 

.733 

.<i276         2.90 

1.821 

..57 

.0051 

.7381  '     .6340 

2.87 

9 

.799 

.7142  1       2.91 

2.078 

.64 

.0064 

.80.54       .7223 

2.88     , 

10 

.860 

.7975;      2.95 

2.354 

.71 

.0078 

.8678 

.8087 

2.91 

11 

.930 

.8969  1      3.00 

2. 691 

.79 

.0097 

.9897 

.9114 

2.95 

12 

.984 

.9761  1      3.04 

2.967 

.86 

.0115 

.9956 

.9925 

2.99 

13 

1.055 

1.0836         3.10 

3.348 

.95 

.0140 

1.0690 

1.1053 

3.08 

14 

1.125 

1. 1933         3. 12 

3.713 

1.04 

.0168 

1. 1418 

1.2204 

8.04 

15 

1.177 

1. 2769         3. 15 

4.022 

1.10 

.0188 

1.1968 

1.8029 

3.08 

16 

1.243 

1.3858  1      3.19 

4.434 

1.20 

.0224 

1.2654 

1.4228 

3.12 

17 

1.297 

1.4771         3.22 

4.766 

1.27 

.0251 

1.3221 

1.5200 

8.14 

18 

1.361 

1.6878  '      3.25 

5.168 

1.35 

.0283 

1.3893 

1.6370 

8.16 

19 

1.412 

1.6779  1      3.30 

5.544 

1.43 

.0348 

1.4468 

1.7406 

8.18 

20 

1.457 

1.7587  1      3.32 

5. 8,39 

1.49 

.0345 

1.4915 

1.8215 

3.22 

Digitized  by  VjUUV  ItT 


WKIR8   OF   IRREGULAR   SECTION. 


81 


BcLzin^s  experiments  on  weirs  of  irregular  section — Continued. 


Ba«in' 

B  Series,  No.  159. 

r;"B^^, 

..^*.v 

Crestl 

ength,  6.611  feet, 
leight,  2.46  feet. 

- 

7  f/yy//y//yy/////y/////A'/^y 

^7?>>^ 

Crest  ] 

Cross  section. 

Period. 

1 

Observed 
head, 
experi- 
mental 
weir  D, 
in  feet. 

2 

/>i 

^1 

Q,  flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 
per 
second. 

V 

'4^ 

H 

., 

C 

1 

8 

4 

5 

6 

7 

8 

9 

10 

~r 

0.234 

0.1132 

2.68 

0.303 

0.11 

0.0002 

0.2342 

0. 1132 

2.68 

2 

.304 

.1676 

2.75 

.462 

.17 

.OOM 

.3044 

.1676 

2.74 

3 

.879 

.2333 

2.82 

.657 

.23 

.0008 

.3798 

.2342 

2.80 

4 

.387 

.2408 

2.82 

.680 

.24 

.0009 

.3879 

.2417 

2.81 

5 

.457 

.3090 

2.81 

.868 

.30 

.0014 

.4684 

.3100 

2.80 

6 

.516 

.3/07 

2.91 

1.079 

.30 

.0020 

.6180 

.3728 

2.89 

7 

.526 

.3815 

2.84 

1.085 

.36 

.0020 

.5280 

.3836 

2.88 

8 

.599 

.4636 

2.82 

1.308 

.43 

.0030 

.6020 

.  4f.71 

2.81 

9 

.664 

.5411 

2.87 

1.663 

.60 

.0039 

.6679 

.5460 

2.84 

10 

.670 

.5484 

2.83 

1.552 

.19 

.0087 

.6737 

.5533 

2.80 

11 

.735 

.6302 

2.88 

1.813 

.66 

.0019 

.7399 

.6366 

2.86 

12 

.797 

.7115 

2.94 

2.092 

.64 

.0064 

.8034 

.7196 

2.91 

IS 

.861 

.7989 

2.99 

2.389 

.72 

.0081 

.8693 

.8101 

2.96 

14 

.876 

.8199 

2.94 

2.411 

.72 

.0081 

.8843 

.8311 

2.90 

15 

.935 

.9042 

2.93 

2.649 

.78 

.0095 

.9446 

.9172 

2.89 

16 

.9W 

.9910 

3.01 

2.983 

.86 

.0115 

1.0065 

1.009 

2.96 

17 

1.068 

1.1037 

8.06 

3.333 

.W 

.0137 

1.0817 

1.1256 

2.% 

18 

1.126 

1.1948 

8.10 

8.704 

1.03 

.0165 

1. 1425 

1.2204 

8.04 

19 

1.146 

1.2262 

3.05 

3.751 

1.04 

.0168 

1. 1618 

1.2526 

8.00 

20 

1.198 

1.3112 

3.08 

4.036 

1.10 

.0188 

1.2168 

1.3425 

8.00 

21 

1.261 

1.4161 

3.11 

4.416 

1.19 

.0220 

1.2830 

1.4533 

3.08 

22 

1.320 

1.5166 

3.15 

4.777 

1.27 

.0261 

1  3451 

1.5699 

3.06 

23 

1.332 

1.5873 

3.13 

4.820 

1.27 

.0261 

1. 3571 

1.5808 

3.05 

24 

1.389 

1.6370 

3.14 

5.150 

1.33 

.0276 

1.4165 

1.6850 

3.06 

25 

1.445 

1.7370 

3.19 

5.651 

1.42 

.0313 

1.47B3 

1.7932 

3.09 

26 

1.456 

1.7569 

3.19 

5.G14 

1.43 

.0348 

1.4908 

1.8188 

8.09 
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WEIR    EXPERIMENTS,   COEFFICIENTS,    AND    FORMtTLAS. 


Bazin^s  ejjMriments  tm  u^eirH  of  irregiUar  flection — C<)ntinntKi. 


Bazin*s  Series,  No.  160. 
Crest  height,  2.46  feet. 
Crest  width,  1.31  feet. 
Tpstream  slope,  4  to  1. 
Downstream  slope,  C  to  1. 


Period. 


Observed 

'     head, 
expert-  [ 
mental 

I  weir  />,  1 
in  feet. 

•  I 


/>« 


1 

0.451 

0.3029 

2 

.522 

.3772 

3 

.593 

.4567 

4 

.663 

.5399 

5 

.735 

.6302 

6 

.798 

.7128 

7 

.86:1 

.8017 

8 

.930 

.8969 

9 

.998 

.9970 

10 

1.074 

1.1130 

U 

1.129 

1.199<'. 

12 

1.193 

I.:i030 

13 

1.254 

1.4043 

14 

1.326 

1.5269 

15 

1.389 

1.6370 

16 

1.457 

1. 7587 

<\ 

Q,  flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 
per 
second. 

V 

2J7 

H 

fli 

C 

4 

5 

• 

7 

8 
0.4523 

9 

0.3089 

10 

2.80 

2.81 

O.H.VM) 

0.29 

0.0013 

2.82 

1.0637 

.36 

.0020 

.6240 

.3798 

2.  HO 

2.84 

1.'2970 

.42 

.0027 

.6967 

.4601 

2.82 

2.88 

1.5549 

.60 

.0039 

.6669 

.5447 

2.86 

2.89 

1.8213 

.57 

.0061 

.7401 

.6866 

2.86 

2.91 

2. 0742 

.64 

.0064 

.8044 

.7209 

2.88 

2.92 

2.3410 

.70 

.0076 

.8706 

.8129 

2.88 

2.97 

2.6638 

.78 

.0096 

.9395 

.9100 

2.93 

2.99 

2.9810 

.86 

.0115 

1.0096 

1.0135 

2.94 

3.02 

3.3361 

.95 

.0140 

1.0880 

1.1349 

2.W 

3.03 

3. 6348 

1.01 

.01.59 

1.1449 

1.2252 

2.97 

3.06 

3.9872 

1.C9 

.om-i 

1.2115 

1.3334 

2.98 

8.08 

4.3252 

1.16 

.0209 

1.2749 

1.4397 

3.00 

3.10 

4.7334 

1.25 

.0241 

1.3503 

1.5686 

3.02 

3.14 

5.1402 

1.34 

.0279 

1.4169 

1.6867 

3.05 

3.16 

6.5575 

1.42 

.0813 

1.4883 

1. 8151 

3.06 

Bazin's  Series,  No.  161. 
Crest  length,  6.543  feet. 
Crest  height,  1.64  feet. 


1 
2 
3 
4 
6 
6 
7 
8 
9 
10 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 


IM 


Oromtectton. 


0.298 

0.1627 

4.81 

0.701 

0.36 

0.0020 

0.8000 

0.1648 

.364 

.2107 

4.30 

.906 

.46 

.0031 

.8571 

.2133 

'.413 

.26.54 

4.26 

1. 131 

.56 

.0049 

.4179 

.2702 

.472 

.3243 

4.23 

1.371 

.65 

.0066 

.4786 

.8814 

.629 

.3847 

4.22 

1.626 

.76 

.0087 

.6377 

.3946  , 

.681 

.4429 

4.25 

1.883 

.86 

.0112 

.5922 

.4665  , 

.639 

.5108 

4.24 

2.167 

.96 

.0140 

.6630 

.5277 

.693 

.5770 

4.26 

2.458 

1.05 

.0171 

.7101 

.6988 

.7.50 

.6496 

4.28 

2.782 

1.16 

.0209 

.7709 

.6770 

.804 

.7209 

4.31 

3.107 

1.27 

.0251 

.8291 

.7648 

.864 

.8031 

4.81 

3.461 

1.38 

.0296 

.8936 

.8452 

.919 

.8810 

4.32 

3.806 

1.49 

.0345 

.9636 

.9303 

.960 

.9406 

4.33 

4.073 

1.57 

.0388 

.9988 

.9970 

.992 

.9880 

4.30 

4.248 

1.61 

.0403 

1.0323 

1.0484 

1.019 

1.0287 

4.31 

4.434 

1.67 

.0434 

1.0624 

1.0944 

1.066 

1.0861 

4.28 

4.666 

1.72 

.0460 

1.1020 

1.1669 

1.083 

1.1271 

4.27 

4.825 

1.78 

.0493 

1.1323 

1.2044 

1.118 

1. 1821 

4.24 

6.003 

1.81 

.0509 

1.1689 

1.2640 

1.157 

1.2445 

4.17 

5. 171 

1.84 

.a526 

1.2096 

1.3310 

1.187 

1.2932 

4.16 

5.380 

1.90 

.0661 

1.2431 

1.3858 

1.225 

1.3558 

4.12 

6.378 

1.95 

.0591 

1.-2841 

1.4650 

l.26;i 

1.4194 

4.09 

5.808 

2.00 

.0622 

1.3252 

1.6262 

1.289 

1.4t»35 

4.11 

6.001 

2.  as 

.0668 

1.3543 

1.5756 

1.326 

1.5269 

4.08 

6.242 

2.10 

.0686 

1.3946 

1.6476 

1.359 

1.5843 

4.08 

6.446 

2.15 

.0719 

1.4309 

1.7118  , 

4.27 
4.26 
4.19 
4.14 
4.12 
4.18 
4.11 
4.11 
4.11 
4.12 
4.10 
4.09 
4.08 
4.06 
4.06 
4.08 
4.01 
3.96 
3.88 
3.88 
8.88 
3.81 
3.81 
3.79 
3.76 
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Bazivkn  experimeni»  on  weirs  of  irrcgtUar  section — Continued. 


Basin's  Series,  No.  163. 
Crest  length.  6.585  feet. 
Crest  height,  1.64  feet. 


.^i2m 


Cross  section. 


Observed 
I    head, 
Period  '  experi- 

'  weir  D, 
I  in  feet. 

I 


»« 


1 

O.IW 

0.0790 

2 

.244 

.1206 

3 

.303 

.1668 

I 

.366 

.2215 

5 

.423 

.2751 

6 

.486 

.3388 

7 

.536 

.3924 

8 

.693 

.4567 

9 

.653 

.5277 

10 

.702 

.5882 

11 

.769 

.6744 

12 

.827 

.7621 

13 

.882 

.8283 

14 

.949 

.9245 

15 

.998 

.9970 

16 

1.056 

1.0851 

17 

1.114 

1.1758 

18 

1.171 

1.2672 

19 

1.231 

1.3668 

20 

1.285 

1.4567 

21 

1.389 

1.5496 

Q,  flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 
per 
second. 


.^81 
3.83 
8.84 
3.83 
3.83 
3.82 
3.86 
3.94 
3.91 
4.04 
3.98 
4.02 
4.02 
4.W 
4.06 
4.06 
4.05 
4.07 
4.07 
4.12 
4.17 


0.301 
.463 
.641 
.850 
1.063 
1.295 
1.513 
1.799 
2.063 
2.376 
2.683 
.S.023 
3.329 
3.735 
4.048 
4.425 
4.779 
6.169 
5.576 
6.014 
6.464 


0.17 

.25 

.33 

.42 

.51 

.61 

.69 

.81 

.90 

1.01 

1.11 

1.22 

1.32 

1.44 

1.53 

1.64 

1.74 

1.84 

1.94 

2.06 

2.17 


0.00O4 
.0009 
.00^ 
.0027 
.0040 
.0058 
.0074 
.0102 

-.0126 
.0159 
.0188 
.0231 
.0271 
.0822 
.0361 
.0418 
.0471 
.0526 
.0585 
.0660 
.0782 


H 


0.1844 

I    .2449 

.3047 

.3687 

.4270 

.4915 

.5434 

.6032 

.6656 

.7179 

.  7878 

.8501 

.9091 

.9812 

1.0344 

'  1.097H 

1.1611 

.  1.2236 

1.289.5 

1.3510 

1.4122 


//* 


0.0790 

.1213 

.1684 

.2241 

.2791 

.3441 

.4001 

.4683 

.5435 

.6084 

.6995 

.7837 

.8667 

.9717 

1.0514 

1.1506 

1.2510 

1.3641 

1.4635 

1.6703 

1.6779 


10 

3.81 
3.82 
3.81 
3.79 
3.77 
3.76 
3.78 
3.84 
3.80 
8.90 
3.84 
8.86 
8.84 
3.84 
8.85 
3.85 
8.82 
3.82 
3.81 
3.83 
3.85 


Basin's  Series,  No.  164. 
Crest  length,  6.534  feet. 
Crest  height,  1.64  feet. 


OroM  ■octlon. 


1 
2 
8 
4 
6 
6 
7 
8 
9 
10 
11 
12 


0.244 
.306 
.367 
.425 
.482 
.640 
.592 
.661 
.702 
.766 
.817 
.877 


0.1206 
.1686 
.2224 
.2771 
.3346 
.3968 
.4565 
.6262 
.6882 
.6705 
.7385 
.8213 


13 

.989 

.9100 

14 

.993 

.9896 

15 

l.(m 

1.0790 

16 

1.115 

1.1774 

17 

1.162 

1.2626 

18 

1.219 

1.3459 

19 

1.277 

1.4431 

20 

1.380 

1.6338 

8.86 
3.91 
8.87 
3.90 
8.87 
3.87 
3.94 
3.94 
3.97 
4.00 
4.08 
4.05 
4.07 
4.10 
4.09 
4.12 
4.13 
4.15 
4.18 
4.19 


0.467 
.659 
.859 
1.080 
1.296 
1.536 
1.797 
2.069 
2.3M 
2.684 
2.978 
3.326 
8.704 
4.055 
4.417 
4.862 
5.168 
5.602 
6.019 
6.411 


0.25 

0.0009 

.W 

.0018 

.43 

.0030 

.52 

.0042 

.61 

.0068 

.70 

.0076 

.81 

.0102 

.90 

.0126 

.99 

.0152 

1.11 

.0188 

1.21 

.0228 

1..^ 

.0271 

1.44 

.0322 

1.54 

.0369 

1.64 

.0418 

1.76 

.0482 

1.H4 

.0526 

1.96 

.0597 

2.06 

.0660 

2. 16 

.0725 

0.2449 

.8068 

.3700 

.4292 

.4878 

.6476 

.6022 

.6636 

.7172 

.7848 

.8398 

.9041 

.9722 

1.0299 

1.0938 

1.1632 

1.2146 

1.2787 

1.3430 

1.4025 


0.1213 

3.85 

.1701 

3.88 

.2261 

3.82 

.2810 

8.84 

.3409 
.4057 
.4671 
.5410 
.6071 
.6956 
.7699 
.8595 
.9583 
1.0453 
1.1442 
1.2543 
1.3392 
1.4465 
1.5564 
1.6<!01 


3.80 
3.79 
3.85 
3.82 
3.84 
3.86 
3.87 
3.87 
3.86 
3.88 
3.86 
3.88 
8.86 
3.87 
3.87 
3.86 
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B(izhi'»  experiments  on  weirs  of  irreifHlar  section — Continneil. 


Bazin'K  Series,  No.  165. 
Crest  length,  6.M4  feet. 

Q.  flow 
per  foot, 
experi- 
mental 
weir,  in 
cubic  feet 

per 
second. 

V 

\:>mm^^^^..^ 

Crest  I 

leight,  1.6- 

ObHerved 
head 
experi- 
mental 
weir  A 
in  feet. 

I  feet. 

Cross  section. 
7/      '    H^ 

Period. 

/>* 

c. 

r 

1 

«        l"'8 

4 

o 

6 

7              8 

9 

10 

1 

0.337  i  0.1957 

3.56 

0.698 

0.35 

0.0019  .  0.3389 

0.1974 

3.64 

2 

.  401       .  2540 

3.56 

.904 

.44 

.0030       .4040 

.2868 

3.62 

3 

.464       .3161 

3.56 

1. 1*25 

.54 

.0045       .4686 

.3202 

8.51 

4 

..V28  [     .3836 

3.  .V) 

1.363 

.63 

.0062       .6342 

.3902 

3.49 

6 

.593       .4567 

3.54 

1.618 

.73 

.0083       .6013 

.4660 

3.47 

6 

.656       .5313 

3.54 

1.880 

.82 

.0106       .6666 

.6436 

8.46 

7 

.720       .6109 

3.M 

2.162 

.92 

.  0132       .  7332 

.6276 

3.44 

8 

.  783       .  6929 

3.55 

2.461 

1.02 

.0162       .7992 

.7142 

8.46 

9 

.843       .7740 

3.58 

2.771 

1.11 

.0192       .8622 

.8003 

3.46 

10 

.904       .8595 

3.61 

3.103 

1.22 

.0231       .9271 

.8926 

3.47 

11 

.969       .9538 

3.6:1 

3. 462 

1.33 

.0276       .9966 

.9940 

8.48 

12 

1.029     1.0438 

3.63 

3.789 

1.42 

.0313     1.0608 

1.0913 

3.47 

13 

1.090  i  1.1380 

3.64 

4.150 

1.62 

.0369     1.1269 

1.1948 

8.47 

14 

1.153     1.2381 

3.66 

4.5-26 

1.62 

.0408     1.1938 

1.3046 

3.47 

16 

1.217     1.3426 

3.66 

4.904 

1.71 

.0455     1.2626 

1.4178 

3.46 

16 

1.279  '  1.4465 

3.68 

5.336 

1.83 

.0521  1  1.3311 

1.6856 

8.48 

17 

1.341     1.55-29 

.   3.68 

5.701 

1.92 

.0573     1.3983 

1.6630 

8.46 

18 

1.401  i  1.(.583 

8.69 

6.  ri.'i 

2.02 

.0634     1.46^ 

1.7714 

8.46 

19 

1.448  1  1.7424 
s  Series,  No.  176. 

3.78 

6.490 

2.10 

.0686  ,  1.6166 

1.8680 

8.47 

• 

AM 

5^  ^ 

Bazin' 

"""M 

Crest  1 
Crest  1 

ength,  6.519  feet, 
leight,  2.46  feet. 

immm. 

few 

2.  "il 

CroM  section. 

1 

0.287 

0.1154 

0.317 

0.12 

0.0002  1  0.2372 

0.1154 

2.76 

2 

.296 

.1611 

2.74 

.441 

.16 

.0004       .2964 

.1611 

2.74 

3 

.365 

.2206 

2.92 

.mh 

.23 

.0008       .3658 

.2214 

2.91 

4 

.439 

.2909 

2.95 

.858 

.30 

.0014       .4401 

.2919 

2.94 

5 

.494 

.3472 

3.04 

1.055 

.86 

.0020       .4960 

.3494 

3.02 

6 

.565 

.4247 

3.10 

1.318 

.43 

.0030       .5680 

.4281 

8.06 

7 

.  618 

.4858 

3.19 

1.550 

.60 

.0039       .6219 

.4906 

3.16 

8 

.  «W2 

.5632 

3.22 

1.813 

.58 

.0052       .68?2 

.5696 

3.18 

9 

.T$.\       .6276 

3.29 

2.066 

.65 

.0066       .7896 

.6866 

8.24 

10 

.797       .7115 

3.35 

2.385 

.78 

.0083       .8073 

.7250 

8.29 

11 

.  861        .  7989 

3.41 

2.724 

.82 

.0105       .8715 

.8129 

8.35 

12 

.910       .8681 

3.45 

2.995 

.89 

.0123       .9223 

.8853 

8.88 

13 

.974       .9613 

3.51 

.   3.373 

.98 

.0149  1     .9889 

.9836 

3.48 

14 

1.027     l.(M08 

8.63 

3.671 

1.05 

.0171     1.0441 

1.0667 

3.44 

15 

1.088     1.1349 

3.57 

4.034 

1.14 

.0202 

1.1082 

1.1663 

8.46 

16 

1.139  ,  1.215<; 

3.62 

4.416 

1.28 

.0236 

1.1625 

1.2626 

3.52 

17 

1.196     1.3079 

3. 65 

4.782 

1.30 

.0263 

1.228 

1.3508 

8.54 

18 

1.248     1.3942 

3.68 

5.115 

1.38 

.0296 

l.*2776 

1.4448 

8.54 

19 

1.303     1.4874 

8.73 

6.668 

1.47 

.0336 

1.3366 

1.6460 

8.60 

20 

1.355     1.6773 

3.75 

6.926 

1.66 

.0374  ;  1.3924 

1.6423 

8.61 

21 



1.420 

1.6921 



3.80 

6.422 

1.66 

.0428     1.4628 

1.7695 

8.68 
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Bazin*s  experimeiUs  on  weirs  of  irregular  section — Continueti. 


Bazin' 
Cresil 
Crest  t 

*  Series,  N 
ength,  6.51 
leight,  2.4( 

Obeerved 
head 
expert- 
mental 
weir  D, 
in  feet. 

0.  178. 
18  feet. 
Sfeet. 

Cross  section. 

Period. 

D» 

c, 

Q,  flow 
per  foot, 
experi- 
mental 
weir,  In 
cubic  feet 
per 
second. 

V 

»« 
^ 

H 

H^ 

C 
10 

1 

2 

t 

♦ 

5 

e 

7 

8              9 

1 

0.222 

0.1046 

2.83 

0.297 

0.11 

0.0002 

1 
0.2222  '  0.1046 

2.84 

2 

.299 

.1635 

2.96 

.482 

.17 

.0004 

.2994  i     .1635 

2.95 

3 

.867 

.2224 

2.96 

.668 

.23 

.0008 

.8678       .2233 

2.95 

4 

.431 

.2830 

3.08 

.872 

.80 

.0014 

.4324  ;     .2840 

3.07 

5 

.491 

.3441 

8.13 

1.077 

.87 

.0021 

.4981       .8462 

3.11 

6 

.566 

.4146 

3.19 

1.823 

.47 

.0034 

.5594       .4180 

3.16 

7 

.614 

.4811 

3.24 

1.668 

.51 

.0040 

.6180       .4868 

3.21 

8 

.669 

.5472 

3.28 

1.794 

.67 

.0061 

.6741       .5533 

3.24 

9 

.732 

.6263 

8.38 

2.085 

.65 

.0066 

.7386       .6353 

3.28 

10 

.789 

.7009 

3.36 

2.356 

.73 

.0083 

.7973       .7115 

3.81 

11 

.847 

.7796 

3.43 

2.675 

.81 

.0102 

.8572       .7934 

3.37 

12 

.906 

.8624 

8.46 

2.983 

.89 

.0123 

.9183       .8795 

8.39 

13 

.966 

.9494 

3.51 

3.331 

.97 

.0146 

.9806       .9716 

3.43 

1      14 

1.028 

1.0423 

8.68 

8.671 

1.05 

.0171 

1.0451     1.0683 

8.44 

15 

1.083 

1.1271 

3.68 

4.045 

1.14 

.0202 

1.1032  '  1.1584 

3.49 

16 

1.142 

1.2204 

8.60 

4.392 

1.22 

.0231 

1.1661     1.2576 

3.49 

17 

1.196 

1.3063 

8.64 

4.755 

1.80 

.0263 

1.2213     1.3492 

3.52 

18 

1.259 

1.4127 

3.66 

5.170 

1.89 

.0300 

1.2890     1.4636 

3.63 

19 

1.314 

1.6063 

3.69 

5.572 

1.48 

.0341 

1.3481     1.5651 

3.66 

20 

1.366 

1.5966 

3.72 

5.952 

1..55 

.0374 

1.4034  1  1.6618 

3.58 

21 

1.424 

1.6992 

8.75 

6.375 

1.65 

.0428 

1.4663     1.7750 

8.59 

CORNELL  UNIVERSITY   HYDRAULIC   LABORATORY.'* 

This  laboratory,  erected  in  1898,  includes  a  reservoir  formed  by  a 
masonry  dam  on  Fall  Creek,  at  Ithaca,  N.  Y.  An  experimental  chan- 
nel is  supplied  with  water  from  the  pond  and  has,  as  its  general 
dimensions,  length,  400  feet;  breadth,  IH  feet;  depth,  10  feet;  bottom 
grade,  1:500.  Fall  Creek  drains  an  area  of  117  square  miles,  and 
affords  a  minimum  water  supply  estimated  at  12  second- feet.  The 
hydraulic  laboratory  is  located  at  Triphammer  Falls,  where  a  descent 
of  189  feet  occurs.  The  weirs  used  in  the  experiments  here  described 
were  erected  in  the  concrete-lined  experimental  channel.  The  water 
supply  was  regulated  by  wooden  head-gates,  operated  by  lever,  rack, 
and  pinion,  the  outflow  from  the  canal  passing  over  the  declivity  below. 

a  In  reducing  the  experiments  at  Cornell  hydraulic  laboratory  the  value  of  .7  for  Ithaca,  latitude 
43?  27',  altitude  600  feet,  has  been  taken  as  32.16.  maldngi  2^^=8.02,  ~^-o.015W7,  |i  2j/-5.36. 
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EXPERIMENTS  OF   UNITEl)   STATES   BOARD   OF   ENGINEERS  ON   DEEP 

WATERWAYS. 

These  experiments  were  performed  at  Cornell  University  hydraulic 
laboratory  in  May  and  June,  1899,  for  the  United  States  Board  of 
Engineers  on  Deep  Waterways,  under  the  immediate  direction  of 
George  W.  Rafter,  engineer  for  water  supply,  in  conjunction  with 
Prof.  Gardner  S.  Williams.  The  results  of  the  original  computations 
were  published  in  Trans.  Am.  Soc.  C.  E.,  vol.  44,  together  with  an 
extended  discussion.  In  the  experiments  a  closely  regulated  volume 
of  water  was  passed  over  a  standard  thin-edged  weir  which  was  placed 
near  the  upper  end  of  the  experimental  canal  and  had  a  height  of  13.13 
feet  and  a  crest  length  of  16  feet,  end  contractions  suppressed.  The 
nappe  was  aerated,  but  was  not  allowed  to  expand  on  downstream  side. 
The  water  flowed  down  the  experimental  canal  past  a  series  of  screens 
and  bafiles  and  over  the  experimental  weir  placed  at  the  lower  end  of 
the  channel. 

The  experimental  weirs  were  about  4.5  feet  high  and  6.56  feet  crest 
length.  A  leading  channel  of  planed  boards,  6.56  feet  wide  and  48 
feet  in  length,  extended  upstream  from  the  experimental  weir,  having 
at  its  upper  end  flaring  sides  extending  8.3  feet  upstream  and  meeting 
the  sides  of  the  main  channel. 

The  head  on  both  weirs  was  read  by  means  of  open  manometere 
connected  to  galvanized-iron  piezometer  pipes,  placed  horizontally 
across  the  bottom  of  the  narrow  leading  channel,  37  feet  upstream 
from  the  weir.  At  the  standard  weir  two  piezometers  were  used,  one 
termed  the  middle  piezometer,  placed  across  the  leading  channel,  8 
inches  above  the  bottom  and  10  feet  upstream  from  the  standard  weir. 
A  second  or  upstream  piezometer  was  placed  25  feet  upstream  from 
the  standard  weir.  Readings  of  both  piezometers  were  taken.  It  was 
decided,  however,  to  use  the  middle  piezomj^ter  as  the  basis  of  calcu- 
lation of  discharge  over  the  standard  weir.  Near  the  close  of  the 
experiments  it  was  found  that  this  did  not  give  results  agreeing  with 
those  which  would  have  been  obtained  from  a  piezometer  placed  flush 
with  the-bottom  of  the  channel,  as  is  shown  to  be  necessary  from  the 
experiments  of  H.  F.  Mills'*  and  others.  A  correction  curve  was 
accordingly^  deduced  from  comparative  experiments  between  the  middle 
piezometer  and  the  flush  piezometer,  and  the  readings  of  the  middle 
piezometer  thus  corrected  were  applied  in  the  Bazin  formula  to  calcu- 
late the  discharge  over  the  standard  weir  for  heads  not  exceeding  the 
limit  of  Bazin's  experiments.  For  depths  on  the  standard  weir  greater 
than  2  feet  the  discharge  was  computed  by  using  coeflicients  deduced 
for  higher  heads  on  a  shorter  experimental  weir,  on  the  basis  of  the 
Francis  formula.     Owing  to  the  uncertainty  as  to  the  piezometers  and 


a  Mills,  H.  F.,  Experiments  upon  piezometerH  used  in  hydraulic  investigations,  Boston,  1878. 
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other  conditions,  the  original  results  of  the  experiments  were  credited 
with  a  possible  error  of  5  or  i)  per  cent. 

In  connection  with  the  experiments  on  models  of  the  Croton  dam,  a 
very  thorough  comparison  of  the  so-called  upstream  piezometer  with 
other  methods  of  obtaining  the  head  on  a  standard  weir  was  made  by 
Professor  Williams.  It  was  found  that  the  upstream  piezometer  gave 
the  actual  head  on  the  standard  weir  correctl3%  These  results  were  com- 
municated to  the  writer,  and  a  recomputation  of  the  Deep  Waterways 
exjKjriments  has  been  made,  using  readings  of  the  upstream  piezome- 
ter to  calculate  the  standard  weir  discharge  by  Bazin's  forniula.  This 
method  of  calculation  eliminates  the  necessity  for  correcting  the  pie- 
zometer readings  at  the  standard  weir,  as  was  necessary  in  the  prevfous 
reductions.  The  discharge  over  the  experimental  weir  has  been  cal- 
culated from  readings  of  a  piezometer  placed  38  feet  upstream  from 
the  weir  and  8  inches  above  channel  bottom,  corrected  to  the  basis  of 
a  flush  piezometer. 

The  United  States  Deep  Waterways  experiments  included,  for  each 
experimental  model,  a  smaller  number  of  heads  or  periods  than  either 
the  Croton  or  United  States  Geological  Survey  experiments.  They 
were  also  the  first  experiments  of  the  kind  conducted  at  the  Cornell 
lalioratory,  and  the  experience  gained  has  probably  contributed  to  the 
securing  of  somewhat  greater  accuracy  in  the  later  experiments.  It  is 
believed,  however,  that,  as  recomputed,  the  United  States  Deep  Water- 
ways experiments  do  not  differ  nuich  in  accuracy  from  those  made  on 
models  of  the  Croton  dam,  which  are  stated  by  John  R.  Freeman  to 
be  reliable  within  about  2  per  cent.  The  coefficient^^  obtained  by 
recomputation,  when  compared  with  the  original  United  States  Deep 
Waterways  coefficients,  show  few  differences  exceeding  2  per  cent. 
The  variations  are  plus  and  minus  in  about  equal  numbers,  and  it  is 
believed  that  these  experiments  are  entitled  to  greater  weight  than 
they  have  hitheito  received. 

In  the  accompanying  tables  a  summary  of  the  recomputation  is 
given. 

IKK  150— Otj S 
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,^yt»'M/'"''»''"i*  o/*  fnitt^/SffUry  lkq>  Wa/trtrai/.'*  Hoard  e.rj>erimnit4* 
'*  miHf.l  .Unns    0>r7/W/  I'ninrsity  hydraulir  laboratory, 


Y7//.V  Board  e.rjxrimnits  oh  fair  of  waier  wrr 
1899. 


Wflr  iiumWI. 


•h'pth 
,  />.  fx- 

nu'ntal  I 

ct-nti- 
raeters. 


1),  in 
feet. 


flow 
per 
f<K>t.in 
cubU- 
ftvt  per 
second. 


h^ 


Num- 
ber of 
obwT- 
vatif»ns 

of 
head. 


10 


.^s^ 


^-^1] 


P-4.91.        X»6.68. 


Series  t. 


P=4.90.        Z=6.5«. 


P-4.91.        L=6.58. 


4.y72 
4. 872 

4.13H 
3.:i6H 
1.725 
1.190 

5.  as 

4.15 

3.:^5 

2.55 
1.75 
.923 
.34 


39.73 
39. 44 
:^9. 31 
31.47 

'22.  HI 
8.71 

4.88 

42.13 
31.17 
22. 89 

15.  as 

8.39 

3.02 

.82 


4.972 
4.872 
4.863 
4.188 
3.368 
1.725 
1.190 


5.050 
4.1.50 
3.350 
2.  .550 
1.750 
.923 
.340 


4.23  ;  0.2782 
3. 50  i  .  1959 
2. 65  .  1092 
1.80  .a504 

1.24  .0239  ! 

4.30  .2875  I 

3.47  .1872  j 

2.fi7  .1108 


5.23 
3.49 
1.75 

5.11 
4.28 
3.48 
2.57 
1.73 


5.0902 
4.2299 
8.3512 


3.5W  ... 

3.668  ... 

3.940  ... 

3.739  .. 

3.690  .. 

3.844  .. 

3.759  ,. 

3.712 
3. 758 
3.733 
3.691 
3.633 
8.406 
4.120  ' 

8.393  ; 
8.388  ' 
8.882  j 

3.547  I 

8.373  I 

3.484  ! 

3.485  , 
3.485  I 


41 
•23 
15 
21 
15 
18 


21 
15 
21 

21 
27 
27 
27 
23 


8.574 
3.598 
.3.508 


1.92 

4.28 
3.45 
2.62 
1.92 
1.17 


.0573 

.  2848 
.18.50 
.1067 
.0573 
.0218 


4.20  '  .2742 

3. 38  .  1776 

2.62  .1067 

1.92  .0578 

1.19  .0220 

a  dame  as  series  7,  but  upstream  face  covered  with  i-inch  mesh  galvanized  wire  netting. 


2.6^4 

8. -289 

1.68.59 

3.751 

4.9696 

3.787 

4.1562 

8.626 

8.2838 

3.637 

2.5013 

3.557 

6.0078 

3.678 

4.1380 

3.623 

3.299 

3.591 

2.4968 

3.595 

1.6543 

3.585 

5.0992 

8.575 

4.2116 

8.525 

3.3927 

8.437 

2. 5578 

3.482 

1.6950 

3.567 

25 
81 
27 
25 

21 

29 
'29 
27 
27 

18 
26 
23 
27 

15 

22 
29 
2f> 
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ReromptUation  of  United  States  Deep  Waterways  Board  experiments  onflow  of  water  over 
model  damSy  Cornell  Unirermty  hydraulic  laboratonjj  1899 — Continued. 
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RfcompuUtt'um  of  VniUd  States  Deep  Waterways  Board  ejperiments  on  flow  of  water  orer 
model  damSy  Cornell  Vniversnty  hydraxdic  laboratory ,  1899 — Continued. 


Cor- 
rected 
depth 

flow 

Nam- 
berof 

Weir  model. 

I),  ex- 

peri- 

iiienlal 

A  in 
feet. 

per 
foot,  in 
,  cubic 

V 

-^' 

c, 

ob«*r- 
vations 

of 
head. 

1 

weir, 
centi- 

feet per 
second. 

meters. 

1 

2 

S 

4 

& 

6 

7 

8 

9 

10 

1 

27.04 

0.8869 

2.75 

0.44 

0.0030 

0.8899 

8.276 

Series  19. 

2 

51.36 

1.68.5 

7.46 

1.07 

.0178 

1.7028 

3.367 

f^' 

'    3 

142.128 

4.662 

40.04 

4.20 

.  "2742 

4.9662 

8.651 

4 

5 

119.442     3.918 
97.858     3.210 

29.62 
20.78 

3.23 
2.46 

.1622 
.0933 

4.0602 
8.3033 

3.504 
8.461 



P=-6.28.        L=6.68. 

6 

77.246     2.534 

14.17 

1.82 

.0615 

2.6865 

8.401 

7 

53.42    '  1.752 

1 

7.68 

1.09 

.0185 

1.7706 

8.260 

Column  5  shown  the  discharge  over  the  experimental  weir  per  foot 
of  crest,  deduced  from  the  readings  of  the  upstream  piezometer  at  the 
standard  weir,  by  Bazin's  formula,  and  corrected  for  slight  leakage. 

Column  3  shows  the  head  on  the  experimental  weir,  in  centimeters, 
taken  by  a  piezometer  38  feet  upstream  and  8  inches  above  channel 
bottom,  corrected  to  reduce  it  to  the  equivalent  reading  of  the  flush 
piezometer. 

Column  4  shows  the  equivalent  head  in  feet. 

Column  6  shows  the  absolute  velocity  of  approach. 

Column  7  shows  the  velocity  head. 

Column  8  shows  the  head  connected  for  velocity  of  approach;  the 
correction  being  made  by  the  simple  addition  of  the  velocity  head  to 
the  measured  head,  which  is  assumed  to  be  a  sufficiently  precise  equiv- 
alent to  the  Francis  correction  formula  for  this  purpose. 

Column  9  gives  the  coefficient  C\^  deduced  from  the  foregoing. 

The  resulting  coefficient  diagrams  are  shown  on  Pis.  XV  to  XVUI, 
inclusive. 

EXPERIMENTS    AT    CORNELL    UNIVERSITY    HYDRAULIC    LABORATORY    ON 
MODELS  OF  OLD   CROTON   DAM.** 

These  experiments  were  made  in  November  and  December,  1899, 
by  Prof.  Gardner  S.  Williams,  under  the  direction  of  John  R.  Free- 
man. The  standard  weir  used  was  located  near  the  head  of  the  experi- 
mental canal,  water  being  admitted  and  regulated  by  head-gates  in  the 
usual  manner.  The  standard  weir  was  11.25  feet  high  and  16  feet 
long  on  the  crest.  The  experimental  weir  was  placed  232.5  feet  far- 
ther downstream,  and  also  occupied  the  full  width  of  the  experimental 
canal.  The  models  of  the  Croton  dam  were  constructed  of  framed 
timber  and  were  6  to  9  feet  high. 


a  Report  on  New  Yorn's  wat«r  supply,  Freeman,  1900,  pp.  139-141. 
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The  head  on  the  weirs  was  measured  by  means  of  open  glass  manom- 
eters connected  to  piezometer  tubes  in  the  channel  above  each  weir. 
The  piezometer  tubes  were  made  of  1-inch  galvanized-iron  pipe  with 
small  holes  drilled  along  the  sides,  the  ends  being  plugged.  At  the 
standard  weir  three  piezometers  were  used,  placed  parallel  to  the  cur- 
rent, at  about  mid-depth  of  the  channel,  one  being  near  each  side  and 
one  at  mid-width  of  the  channel,  the  mid-length  of  the  pipes  being 
26.5  feet  upstream  from  the  standard  weir.  A  hook  gage  in  the  same 
section  was  used  to  check  the  observed  head. 

ExperimenUt  on  volume  of  flow  over  models  of  old  Oroton  dfuii^  (Jomell  University  hydrau- 
lic laboratory^  1899. 


Dl8- 

charge 

Ob 
served 
depth 

Mean 

Correc- 

cor- 
rected 
head 

over 

Period 

veloc- 
ity of 
ap- 

tion 

for 

veloc- 

model 
dam 
per 

C'l 

No. 

nii 

proach, 
in  feet 

per 
pecond. 

ity  of 

proach, 
in  feet. 

on 
model 
dam, 
in  feet. 

foot  of 
length, 
in  cu- 
bic feet 
per  sec- 

2 

8 

4 

ond. 

1 

6 

6 

7 

8 

1     2.7229 

1.686 

0.0439 

2.7668 

14.762 

3.208 

HerUx  l—Model  A. 

2     2. 1867 

1.283 

.0269 

2.2116 

10.562 

3.211 

Round  en-Ht.  old  Croton  6&m,  smooth  pine. 

3  j  1.4388 

.749 

.0087 

1.4475 

6.604 

3.218 

crest  and  slope  16  feet  long.    Nov.  28-29, 

4       .9830 

.449 

.0081 

.9861 

8.164 

3.222 

1899. 

5       .6907 

.219 

.0008 

.6915 

1.451     3.190 

6 

.1280 
2.0897 

.024 

.0000  '     .1280 

.147 

3.408 

1 

.978 

.0149     2.1046 

9.678 

3.137 

Seriet  la-Model  A. 

2     1.8298 

1 

.810 

.0102 

1.8395 

7.883 

3.160 

3     1.6878 

.661 

.0068 

1..5946 

6.284 

3.121 

Round   crert,  old  Croton  dam,  unplaned 

4     1.2662 

.467 

.0034 

1.2596 

4.287     3.032 

pJank,  crest  16  feet  long,  smooth  slope. 

6       .9929 

.338 

.0018 

.9947 

3.006     3.030 

Not.  6, 1899. 

6       .6301 

.  n.'s 

.0004 

.6306 

1.494 

2.988 

7       .  1871 
1  '  2. 9227 

.111 

1.839 

.0002 

.  4873 

.991 

2.913 

.0526 

2. 97r>:^ 

16.  175     3. 240 

2 

2.8591 

1.794 

.a-iOO  I  2.9091 

15.969  1  3.218 

Series  t— Model  A. 

3 

2.4918 

1.61C 

.0367 

2.6305 

12.933     3.213 

Round  crest,  old  Croton  dam,  16-foot  smooth 

4 

2. 1420 

1.248 

.0241 

2. 1661 

10.211  ,  3.208 

crest,  rough  slope  formed  of  cleats  and 

6 

1.6238 

.880 

.0120 

1.6368 

6.740 

3.222 

stone  to  simulate  concrete  and  riprap.   Dec. 

6 

1.2597 

.623 

.0060 

1. 2667 

4.548 

3.194 

4,1899. 

7  ,  1.1419 

..M6 

.0046 

1.1466 

3.913 

3.188 

8 

.7196 

.288 

.0013 

.7209 

1.946     3.178 

9 

.4873 

.166 
1.124 

.0004 
.0197 

.4877 
2,0187 

1.087     3.192 

Series  S— Model  A. 

1  1  2.0030 

9.037 

3.  H8 

Round  crest,  old  Croton  dam,  16-foot  crest. 

2  1  1.4091 

.712 

.0078 

1.4129 

6.308 

3.161 

covered  with  wire  cloth  of  No.  18  wire, 

3 

.8676 

.366 

.otril 

.8666 

2.527 

3.188 

J-inch  me8h,a  rough  slope,  as  in  series  2. 

4 

.4288 

.133 

.0003 

.4251 

.861 

3.099 

Nov.  28,  1899. 

5 

.1184 

.020 

.0000 

.1144 

.124  '  3.2a6 

^ ^                     __ 





_     .    _ 



a  In  experiments  with  wire  cloth  over  crest,  0.004  foot  is  deducted    from  obser>'ed  depth  to 
oompenaate  for  thickness  of  wire. 
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WEIR   EXPERIMENTS,   COEFFICIENTS,   AND    FORMULAS. 


Experiment  on  wlume  of  Jioir  orer  models  of  ohf  Croton  danij  Cornell  University  hydrau- 
lie  lalnmitortj,  A^PP— Continued. 


Serus  1—Modfl  B. 

Angular  crest,  old  Crot<m  dam,  l»>-f<K»t  crest, 
all  unplaned  plank.    Nov.  \h,  1899. 


serka  Z^Model  H. 

Angular  crest,  old  Croton  dam.  16-foot  un- 
planed plank,  crest  slope  roughened  with 
cleats  and  stone.    Nov.  28, 1899. 


Srrififi  I— Continued  mcKid  B. 
Conditions  as  in  preceding.    Nov.  16,  1H99. 


ScHe»  3—MofUi  H. 

Angular  crest,  old  Croton  dam,  wire  cloth  on 
crest,  rough  slope.    Nov.  l(i,  1M99. 


Series  1— Model  C. 

Round  crest,  old  ('rt)ton  dam,  12-inch  timber 
on  crest,  16  feet  long,  rough  slope.  Dec. 
1,  1899. 


Series  I — Omtintied  model  C. 
Conditions  as  in  preceding.    Dec.  4. 1899. 

Scries  1 — Mnil€l  D. 

Angular  crest,  old  Croton  dnm,  r2-iucli  tim- 
ber, on  16-f<X)t  crest,  rough  slope.  Nov.  16, 
1H99. 


Period 
No. 

Ob- 
served 
<lepth 

on 
model 
dam, 
in  feet. 

Mean 
veloc- 
ity of 
ap- 
proach, 
in  feet 

per 
second. 

Correc- 
tion 
for 
veloc- 
ity of 

proach, 
Tn  feet. 

Cor- 
rected 

head 

on 

model 

dam, 
in  feet. 

Dis- 
charge 

over 
model 

dam 
per 
foot  of 
length, 
in  cubic 
feet  per 
second. 

Ci 

2 

8 

4 

5 

« 

7 

8 

1 

1.86.35 

0.973 

0. 0147 

1.8782 

~,.fm 

8.693 

'} 

.9246 

.370 

.0021 

.9267 

3.272 

3.668 

3 

.6419 

.219 

.0008 

.6427 

1.870 

3.630 

4 

.3481 

.090 

.0001 

.3482 

.741 

3.606 

1 

.1787 

.034 

.0000 

.1787 

.272 
13.478 

3.601 

2.4126 

1.298 

.0262 

2.4388 

3.539 

2 

1. 52.=il 

.736 

.0084 

1.6336 

6.W5 

3.657 

3 

.9611 

.391 

.0024 

.9636 

3.466 

3.665 

4 

.5157 

.162 

.0004 

.  5161 

1.369 

3.692 

i) 

.3a=il 

.077 

.0001 

.8052 

.631 

3.742 

6 

.0890 

.012 

.0000 

.0890 

.094 

8.  MO 

1 

1.8930 

.988 

.0161 

1.9081 

9.683 

3.674 

2 

.9605 

.391 

.0024 

.9629 

3.466 

3.667 

3 

.7028 

.251 

.0010 

.7038 

2.165 

3.667 

4 

.3941 

.108 

.0002 

.3943 

.900 

3.635 

5 

.1952 

.039 

.0000 

.1962 

.814 

3.641 

1 

2.0a53 

1.047 

.0170 

02.0183 

10.385 

3.622 

2 

.9787 

.389 

.0024 

.9771 

3.468 

3.586 

3 

.7391 

.259 

.0011 

.7362 

2.241 

3.648 

4 

.1785 

.032 

.0000 

.1745 

.260 

3.567 

1 

1.9941 

1.097 

.0187 

2.0128 

9.904 

3.468 

2 

1. 1817 

.512 

.0040 

1. 1857 

4.211 

3.262 

3 

.8832 

.328 

.0017 

.8849 

2.5W 

3.116 

4 

.6873 

.222 

.0008 

.6881 

1.722 

3.017 

T) 

.4986 

.141 

.0008 

.4989 

1.065 

3.022 

6 

.2992 

.071 

.0001 

.2993 

.622 

8.188 

7 

.1177 

.019 

.0000 

.1177 

.189 

3.460 

8 

.0846 

.009 

.0000 

.0846 

.067 

2.728 

1       1 

2.  7146 

1.632 

.0414 

2.7560 

15.917 

3.479 

2 

2.4519 

1.436 

.0320 

2.4839 

18.629 

3.482 

3 

1.5.%6 

.774 

.0098 

1.5669 

6.660 

3.399 

4 

1.1046 

.016 

.0000 

.1046 

.112 

3.311 

5 

.1070 
1.2390 

.  0165 
.495 

.0000 
.0038 

.1070 

.118 
6.026 

3.371 
3.628 

1 

1. 2428 

2 

.7885 

.249 

.0010 

.  789.-> 

2.415 

3.443 

3 

.4448 

.113 

.0002 

.4460 

- 

1.054 

3.551 

a  In  experiments  with  wire  cloth  over  crest,  0.004  foot  is  deducted  from  observed  depth  to  com- 
pensate for  thickness  of  wire. 
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Erperiments  on  volume  of  flow  over  models  of  old  Croton  dam^  Cornell  University  hydrau- 
lic laboratory,  1899 — Continue<L 


Period 
,    No. 


Ob- 
served 
depth 

on 
model 
dam, 
in  feet. 


1.8125 


16-foot  angiilju'  crest,  old  (Proton  dam,  with-  i 
out  timber,  but  with  obstructed  channel, 
with  sharp  contraction.    Nov.  18, 1899. 


3  1.2278 

4  .8:>98 

5  .5745 

6  '  .3245 

7  .1120 
H   .1102 


ikrie*  I—Modrl  E,  repeaied. 
Condition8  as  in  preceding.    Nov.  25,  1899. 


1.4569 
.9168 
.6866 
.4820 
.2811 
.1416 


Serift  t^Model  E. 

Angular  crest,  old  Croton  dam,  16  feet  long 
without  timber,  and  with  filope  instead  of 
8harp  edge  to  upstream  end  of  obstruction. 
Not.  27. 1899. 


1 

2.2927 

2 

2.2914 

3 

1.1395 

4 

1.1408 

5 

1.1006 

6 

1.1099 

7 

.4763 

8 

.0233 

i 
Mean 

Correc- 

veloc- 

tion 

ity  of 

f*>r 

ap- 

velcK'- 

proach  , 

ity  of 

in  feet 

ap- 

per 

pmach, 

second. 

in  feet. 

4 

6 

I.IM 

0.0207 

.845 

.0111 

.507 

.0040 

.313 

.0015 

.179 

.0005 

.078 

.0001 

.017 

.0000 

.017 

.0000 

.636 

.0063 

.338 

.0018 

.237 

.0009 

.148 

.0008 

.071 

.0001 

1      .028 

.0000 
.0202 

1.139 

1.138 

.0202 

.478 

.0034 

.463 

.0031 

.448 

.0081 

.467 

.0032 

.141 

.0003 

.081 

.0000 

Cor- 
rected 

head 

on 
model 
dam. 


6 


Dis- 
charge 
over 
model 
dnra 
per 
foot  of 
length, 
incublc 
feet  pe;" 
second 


2.3258 
1.8236 
1.2318 
.8613 
.5750 
.3246 
.1120 
.1102 

1.4682 
.9186 
.6875 
.4823 
.2812 
.1416 

2.3129 
2. 3116 
1.1429 
1.1484 
1.1087 
1.1131 
.47(56 
.0283  I 


11.778 

8.214  j 

4.632  I 

2.744 

1.616  , 

.641 

.138  i 

.140  ! 

5.957 
2.9«2 
2.037 
1.240 
.579  I 
.226  I 


"  ; 


3.321 
3.336 
3.388 
3.433 
3.477 
3.466 
3.548 
3.827 

3.366 
3.387 
3. 573 
3.702 
3.883 
4.203 


all.  613  I  3.302 

z.im 

3.501 
3.a51 
8.479 
3.507 
3.586 
7.029 


ftll.606 

4.278 

a4.097  j 

«»4.034  I 

4.119 

1.180 

.025  I 


«  Trap  open. 


ft  Trap  closed. 


At  the  experimental  weir  two  similar  piezometers,  each  about  one 
third  of  the  width  of  the  channel  from  the  side,  were  used.  Owing 
to  the  long  back  slope  of  some  of  the  model  dams,  the  head  was 
measured  69.75  feet  upstream  from  the  crest  of  the  experimental 
weirs.  Readings  of  all  the  piezometers  were  taken  at  half-minute 
intervals,  two  and  sometimes  three  observers  working  at  each  weir. 
The  mean  of  ten  to  twenty  observations  was  used  to  determine  the 
head  for  each  period  in  the  experiment,  f'reeman  states  that  he 
considers  the  results  of  these  experiments  for  heads  up  to  2.5  feet, 
including  all  sources  of  errors,  as  certain!}'  correct  within  2  per 
cent,  and  probably  much  closer.  In  reducing  the  experiments,  the 
head  on  the  experimental  weir  is  corrected  by  a  method  comparable 
with  that  of  Francis.  Freeman  does  not  give  the  resulting  coefficients 
for  the  weir  formula,  but  presents  the  results  in  the  form  of  diagrams 
showing  the  discharge  per  foot  of  crest  for  the  various  models.  In 
the  accompanying  tables  the  computations  have  been  carried  out  to 
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show  the  coefficients,  some  errors  in  the  original  data  having  been 
omitted. 

Column  3  shows  the  observed  head  on  the  experimental  dam,  in  feet. 

Column  7  shows  the  computed  discharge  over  the  experimental  dam, 
per  foot  of  crest.  This  was  determined  by  calculating  the  discharge 
over  the  standard  weir  by  means  of  both  the  Francis  and  Bazin  for- 
mulas, the  mean  of  the  two  having  been  used.  The  result  corrected 
for  slight  leakage,  divided  by  16  (the  length  in  feet  of  the  experi- 
mental weir  model),  appears  in  column  7. 

Columns  4  and  5  show  the  velocity  of  approach  and  the  correspond- 
ing velocity  head  at  the  experimental  weir.  The  velocity  of  approach 
correction  was  made  by  adding  directly  the  velocity  head  as  given  to 
the  observed  depth  on  the  model  dam,  this  being  considered  a  suffi- 
ciently close  approximation  to  the  Francis  method  of  correction. 

Columns  1  to  7  are  taken  from  the  original  computations.  The 
coefficient  C\  has  been  computed  from  the  data  in  columns  6  and  7  by 
the  formula 

r=  ^- 
in 

Pis.  XIX  to  XXII  show  the  resulting  coefficients  applicable  in  the 
formula  here  adopted. 


correction  for  velocity'  of  approach  being  made  by  the  Fi*ancis  correc- 
tion formula  or  an  equivalent  method. 

These  experiments  were  performed  for  the  specific  puipose  of 
determining  the  discharge  over  the  old  Croton  dam.  They  include 
two  main  groups:  (1)  Experiments  on  round -crested  portion  of  the 
dam;  (2)  experiments  on  the  angular-crested  portion  of  the  dam. 
Each  group  includes  series  of  experiments  on:  (a)  Model  of  smooth- 
planed  pine;  (J)  model  of  unplaned  plank;  {c)  model  with  cleats  and 
fragments  of  stone  on  the  upstream  slope  to  simulate  the  natural  back 
filling;  (rf)  model  with  rough  slope  and  with  i-inch-mesh  wire  cloth  on 
crest  to  simulate  cut  stone;  (e)  model  surmounted  b}-  12-inch-8quare 
timber  on  crest.  Experiments  were  added  with  a  construction  to 
simulate  a  natural  rock  ledge  lying  upstream  from  the  angular  portion 
of  the  dam. 

The  experiments  were  abbreviated  owing  to  lateness  of  season  and 
trouble  from  air  in  the  gage  pipes. 

The  value  of  the  results  is  limited  by  the  narrow  range  of  heads 
covered.  The  models  were  of  unusual  forms,  and  show  some  peculiar 
differences  when  an  attempt  is  made  to  compare  the  results  with  those 
of  other  weirs  of  similar  slopes.  The  data  are  of  value  as  showing  the 
effect  of  various  degrees  of  roughness  on  the  discharge. 
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EXPEROIENTS    OF    UNITED    STATES    GEOLOGICAL    SURVEY    AT    CORNELL 
UNIVERSITY   HYDRAULIC   LABORATORY. 

In  April,  1903,  the  writer  was  instructed  to  plan  and  execute  a  series 
of  experiments  on  models  of  dams  similar  to  those  in  use  at  gaging  sta- 
tions of  the  Geological  Surv-ey  in  New  York,  Michigan,  and  elsewhere. 

The  experiments  were  performed  at  the  hydraulic  laboratory  of 
Cornell  University,  mainly  during  the  months  of  May  and  June,  1903, 
and  were  conducted,  under  the  supervision  of  the  writer,  by  Prof. 
Gardner  S.  Williams,  director  of  the  laboratory. 

The  various  types  of  dams  most  commonly  occurring  were  grouped 
as  follows: 

1.  Weirs  with  broad  horizontal  or  slightly  inclined  crests. 

2.  Weirs  with  vertical  downstream  faces  and  inclined  upstream 
slopes. 

3.  Weirs  having  compound  slopes,  including  those  with  inclined 
upstream  faces  and  with  either  broad  crests  or  with  sloping  aprons. 

4.  <Jompletely  or  partially  curved  weir  sections,  including  those  of 
ogee  profile. 

It  was  found  impossible  to  include  in  the  experiments  all  the  forms 
of  section  desired,  and  it  was  accordingly  determined  to  limit  the 
experiments  to  the  thorough  stud}^  of  two  classes — weirs  with  broad 
crests  and  weirs  with  ogee  sections — and  to  extend,  if  possible,  the 
measurenients  to  include  dams  with  vertical  downstream  faces  and 
sloping  upstream  approaches.  The  order  of  operation  used  in  pre- 
vious experiments  was  transposed,  the  experimental  models  being  built 
on  a  bulkhead  forming  the  standard  weir  hitherto  used  and  located 
near  the  head  of  the  experimental  canal. 

The  quantity  of  water  passing  over  the  experimental  weir  was  meas- 
ured on  a  standard  weir  below,  6.65  feet  high  and  having  a  crest  length 
of  15.93  feet.  The  head  on  the  standard  weir  was  measured  in  a 
Bazin  pit,  3  by  4  feet  in  section,  re>aching  to  the  depth  of  the  bottom 
of  the  canal,  and  cx)mmunicating  therewith  through  a  pipe  4  inches  in 
diameter  and  about  3.5  feet  long,  opening  at  the  bottom  of  the  channel 
of  approach,  29.88  feet  upstream  from  the  weir.  The  head  on  the  stand- 
ard weir  was  observed  in  the  gage  pit  by  means  of  a  hook  gage  read- 
ing to  millimeters  and  estimated  to  about  one-fifth  millimet^>r.  The 
conditions  at  the  standard  weir  were  thus  closely  comparable  to  those 
obtained  in  l^zin's  experiments,  and  his  formula  for  this  height  and 
length  of  weir  was  applied  to  determine  the  discharge.  Observations 
to  determine  the  leakage  between  the  experimental  and  standard  weirs 
were  made,  and  corrections  were  applied  for  whatever  leakage  was 
indicated,  the  amount  being  usuall}'  less  than  0.01  cubic  foot  per  second 
per  foot  of  crest.     The  discharge  over  the  standard  weir  was  corn- 
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puted  in  cubic   meters  per  second  and  has  'been  reduced   to   cubic 
feet  per  second,  the  discharge  table  beings  as  follows: 

IHsefiar(je  over  aUindard  weir  at  different  heads.  • 


Head,  in 
metere. 

Q  In  cubic 

meters,  per 

second. 

0. 111863 

Head,  in 
meters. 

<^  in  cubic 

meters,  per 

second. 

4.21730 

0.05 

0.60 

.10 

. 296230 

.70 

5.  34459 

.15 

. 53207 

.80 

6. 57096 

.20 

.81166 

.90 

7.  89078 

.25 

1. 12871 

1.00 

9.30650 

.30 

1.48032 

1.10 

10. 81066 

.40 

2.  27850 

1.20 

12.40420 

.50 

3. 19350 

The  discharge  curve  for  the  standard  weir  has  also  been  carefully 
checked  by  comparing  the  depth  flowing  over  with  that  on  a  similar 
weir,  using  the  fornmla  and  niethod  of  determining  the  head  adopted 
by  Fteley  and  Stearns;  it  has  also  been  checked  by  float  and  cur- 
rent-meter measurements,  and  for  lower  heads  by  means  of  volumetric 
measurement  of  the  di.scharge  in  the  gaging  channel,  so  that  it  is 
believed  that  the  discharge  in  these  experiments  is  known  within  1  or 
2  per  cent  of  error  as  a  maximum. 

The  work  of  calibrating  the  standard  weir  had  been  accomplished  by 
Professor  Williams  and  his  assistants  before  the  experiments  of  the 
United  States  Geological  Survey  were  taken  up,  so  that  somewhat 
more  certaint}^  attaches  to  the  resulti>  of  these  later  experiments  than 
to  earlier  experiments  made  before  the  stiindard-weir  discharge  had 
been  thoroughly  <*hecked. 

It  was  the  wish  of  the  Geological  Survey  that  the  conditions  at  the 
experimental  weirs  should  conform  to  those  actually  existing  at  dams 
which  are  utilized  as  weirs,  in  connection  with  the  stream-gaging 
operations.  In  such  cases  it  is  often  impracticable  to  utilize  gage  pits 
of  the  form  adopted  by  Bazin  or  to  use  piezometer  or  hook  gages. 
The  usual  method  is  to  read  the  depth  directly  on  a  graduated  vertical 
scale  or  measure  the  distance  to  water  surface  from  a  suitable  bench 
mark.  The  method  adopted  in  the  weir  experiments  consisted  of 
reading  directly  the  distance  to  water  surface  from  bench  marks 
located  above  the  central  line  of  the  channel.  The  readings  werb 
taken  by  means  of  a  needle-pointed  plumb  bob  attached  to  a  steel  tape 
forming  a  point  gage,  readings  being  taken  to  thousandths  of  a  foot 

Two  gages  were  used,  one  locat-ed  10.8  feet  upstream  from  the 
crest  and  another  16.059  feet  upstream.  In  series  XXXV  and 
following,  for  the  higher  heads,  the  readings  of  the  upstream  tape 
were  used.  For  heads  where  no  general  difference  was  apparent  the 
average  of  the  readings  of  the  two  tapes  was  taken.     In  general^^the 
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surface  curve  did  not  perceptibly  aflfect  the  reading  of  the  gage  nearest 
the  weir  for  depths  below  3  feet.  The  readings  of  the  tapes  were 
checked  from  time  to  time  by  observations  with  hook  gages,  thus  prac- 
tically eliminating  the  effect  of  temperature  on  the  tapes.  Observa- 
tions of  the  head  were  usually  taken  at  intervals  of  thirty  seconds. 
Great  care  was  used  to  maintain  a  uniform  regimen  of  flow  during 
each  experimental  period,  and  the  variations  of  head  were  very  slight. 
The  character  of  the  observations  is  illustrated  by  the  following  data 
taken  from  the  experiments: 

Readingn  of  tapes  to  determine  head  at  experimental  weir. 


Series  XL. 

Series   XLI. 

Period  10. 

Period  6. 

' 

Date     6.22,08. 

Date     6,23,03. 

Time. 

Readings. 

Time. 

Readings. 

h.      m.      8. 

h.         VI.         8. 

12    37    40 

42.681 

1     34    30 

43.633 

.681 

.632 

.680 

.633 

.681 

.630 

12    39    00 

.682 

.630 

12    52    30 

42.680 

.633 

.681 

.635 

.680 

.6:^5 

.679 

.634 

12    54    30 
Mean 

.680 

.633 

42.6805 

.630 

.635 

.630 

Series  XLIII. 

Period  3. 

.635 

Date     6,26.03. 

.635 
.633 

.630 

Time. 

Readings. 

h.      m.      8. 

12    36    20              2.305 

.630 

'            .302 

.630 

.302    . 

.630 

.302 

.634 

.301 

.630 

.302 

.628 

.301 

.630 

.300 

.632 

12    42     10 
Mean 

.300 

1     51     20 

.628 
.631 

2.3015 

Mean 

43.6317 
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For  tho  lower  heads  tlu»  discharge  over  the  experiinentnl  weir  was 
volumetrieall y  detxniniiied  by  niea.surin«f  the  rise  of  water  in  the  ennal, 
as  follows: 

List  <jJeAperune)iUil})eri(Khf()r  trh'ich  tJie  dischnrfje  wan  vohnnetriraUij  (letermined. 
rericxlN.  '     Series.  IVritnis.  i     Serit'M 


Serios. 


.30 

1,13,14, 

16 

39 

44 

31 

10,11 

40 

1  2 

45 

34 

1,9,10 

41 

13,14 

46 

37 

5« 

43 

1,2,3 

47 

:^ 

5,6 

1 

43'* 

1,2,3, 

4 

Periods. 

1 

2,3 

1 

,  •-',  3 

1 

2,3 

I 

2,3 

Vnitcd  Sfdtcx  (ieological  Surveif  cvperhnents  at  Cornell  riiivemity  h}f<franlir  laboratory  rm 

model  of  Plattshurg  dain. 

[Series  No.  XXX.     Hei>:ht  of   weir    /*,  n.'j:>   feet:   leiiKth  of  weir  crest -A.  15.9tI9  fwl;  width  of 
ehuniiel    />.  15.970  feel;  Ijei^lil  <»f  iipstrejiro  erest  eorner.  lOJiO  feel:  erest  uidtli,  3  feet.] 

Head  eorree led 


s'o. 

Measured  head 
tal  weir 

Num- 
tioiis. 

on  experimen- 
.  in  feet. 

Mini-     Mean 
mum.          1>. 

area  of 
section 

per 
fool  of 
.erest. 

r 
mean 
veloe- 

ity 
of  ap- 
proach, 
in  feet 
per  sec- 
ond. 

for  velocilv 

of  approach. 

in  feet. 

7/3      1      // 

Q    dis- 
charge 

per 
fm)t<.f 
erest, 
in  cu- 
bic feet 
per  .sec- 
ond. 

Dis- 
charge 
coelli- 
eient 

r,. 

1_ 

2 

3 

4 

5 

6 

7 

8 

» 

1« 

U 

1 

92 

0.0993 

0.0818 

0.096 

11.347 

0.007 

o.o;io  1 

0.096 

o.oai 

2.835 

2 

31 

.799:^ 

.786:^ 

2.790 

ll.tMl 

1.1. ^>5 

4.710 

2. 810 

16.218 

3.443 

3 

19 

3.  1993 

3.  1473 

3. 187 

I4.4:w 

1.39(5 

5. 766 

3.216 

•20.1.52 

3.495 

4 

26 

2.3993 

2.3173 

2. 381 

13.6:i5 

.926 

3.  710 

2. 396 

1*2.  631 

3.405 

f) 

'29 

1.7973 

1.785:{ 

1.793 

13.043 

.  (YM\ 

2.  112  ! 

1.799 

8.  2.*<-2 

3.43:^ 

6 

27 

1.1803 

1.1723 

1.171 

12.  125 

.:j.51 

1.274 

1.176 

4.3«.»9 

3.4.'>4 

7 

18 

i.oi:w 

1.0073 

1.010 

12.  2r.o 

.280 

1.016 

I.OII 

3. 435 

3.381 

8 

16 

.8043 

.8003 

.802 

12.  o:>:< 

.200 

.719 

.80.3 

2.  409 

3.:«8 

9 

ai 

.6143 

.6113 

.613 

11.H61 

.  136 

481 

.614 

1  608 

3.^5 

10 

24 

.5083 

.  .-.073 

.508 

11.7.58 

.102 

.  362 

..508 

1.19,5 

3.302 

11 

15 

.42S3 

.  I2r.3 

.127 

11.678 

.  079 

.280 

.  428 

.9-21 

3.296 

1-2 

20 

.2943 

.290:i 

.291 

11..V12 

.016 

.  157 

.'291 

.  .52»i 

3.344 

13 

32 

.  29:W 

.  -2903 

.292 

1 1 .  .543 

.011 

.1.58 

.292 

..50ti 

3. '209 

14 

21 

.  1783 

.1763 

.178 

11.427 

.  021 

.07.5  1 

.178 

.•240 

3.  '202 

1.-) 

21 

.  1793 

.  I7:i;i 

.179 

11.4in» 

.020 

.076 

.179 

.  '226 

2. 976 

16 

40 

.  0893 

.  o*^9:{ 

.  089 

11.310 

.(K.7 

.027  \ 

.t»s9 

.  076> 

•2. 841 

17 

26 

i.:»:^73 

1 . 5:iu:i 

1.5:52 

12.  7Si 

..517 

1.901 

1..5;t5 

6. 607 

3.471 

l.H 

•2.5 

2. 10:'.3 

2.  OS  13 

2.091 

13.315 

.793 

3.(CU  j 

•2.104 

10.  .576 

3.4(i6 
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United  Stat^  (ieological  Surrey  experimerds  at  Cornell  Vnivers'dy  hydraulic  laboratory  on 
model  of  PiatUibnrg  darn — Continued. 

[Series  No.  XXXI.    Heiifht  of  weir=P,  11.25  feet;  lenjrth  of  weir  crest  ^L,  7.i»38  feet;  width  of  chan- 
nei=6,  15.970  feet;  height  of  upstream  erest  corner,  10.50  feet;  width  of  crest,  3  feet.] 


Mea!<ured  head  on  experimen- 
tal weir,  in  feel. 


No.! 


N'um- 
l>erof 
ob!*er- 

va- 
tions. 


25 
15 
44 
21 
39 
40 
26 
25 
30 
18 
40 
19 


Maxi- 
mum. 


5.1003 
4.-2»T3 
3.6893 
2.8213 
2.2713 
1.3903 
.9673 
1.8793  I 
.6093  I 
.6073  ' 
.3023  j 
.3003 


I 


Mini-  I 
mum. 


4.9273  I 
4. 1693  ' 
3.52.'>3  I 
2.8003  I 
2.2623 
1.3813  I 

.9653  I 
1.8723 

.6083  ; 

.6063 

.2993  I 
2993  I 


Mean 


5.0014 

4. 2214 

3. 6191 

2. 8185 

2.2696 

1.3861 

.9663 

1.8749 

.6087 

.6063 

.3017 

.  3017 


vl  - 

area  of 
section 
I     per 
foot  of 
crest. 


I       6 

259.535 
247. 078 
507.460 
224. 674 
215. 780 
201.998 
195.094 
209. 6a5 
189.383 
189. 345 
184.471 
184. 481 


mean  ' 
veloc- 
ity    ' 
of  ap-  , 
proacli, 
in  feet  i 
per    I 
second. 


Head  corrected 
for  velocity      Q-<1»h- 
of  approach 
in  feet. 


I 


1.201 
.945 
.356 
.  5'.1 
.412 
.'Km 
.  125 
.326 
.065 
.060 
.020 
.021 


7/5 


11.217 

8.714 

6.890 

4.743 

3. 425 

1.633 

.950 

2. 570 

.475  I 

.472 

.165 

.166 


5. 023 

4.235 

3. 621 

2.8-23 

2.273 

1.387 

.966 

1.876 

.609 

.606 

.301 

.302 


charge ; 

per 
fot)i  of  I 

crest. 

in  cii- 


Dis- 


I,=ef- 
'  fee  live 


.bicfeet  ^'*^"^^»-    weir. 

I     per    I  1 

second. 


I 


10 

41.925 

31.086 

23.868 

16. 170 

11. 545 

5.338 

3.r20 

8.814 

1.562 

1.456 


177    I 


11 

3. 724 
3.567 
3.464 
3.409 
3.377 
3.269 
3.284 
3. 429 
3.288 
3.083 
2.838 
2. 956 


12 

7.436 
7.514 
7.580 
7.656 
7.711 
7.799 
7.841 
7.750 
7.877 
7.877 
7.908 
7.908 


[emeries  Xo.  XXXII.     Height  of  weir=/',  11.25  feet;  length  of  weir  crest=/>,  7.979  feet;  width  of  chan- 
nel ^^fc,  15.970  feet:  height  of  upstream  crest  corner,  9.75  feet;  width  of  crest.  3  feet.] 


1 
I      21 

I      ^ 
i      -*l 

i : 

I      7 
8 
!      9 
10' 

i   n 


10 
'23 
26 
34 
32 
27 
27 
28 
31 
28 
53 


2.1193 
4.0343 
2.6693 
.9953 
5. 5543 
4.7343 
4.0173 
3.3053 
2.5863 
1.9913 
1.4113 


2.0943 
3.9883 
2AmS 
.9923 
5. 2983 
4.6443  I 
3.9883 
3.2673 
2.5193  I 
1.9693 
1.4023  , 


2. 1173 
4.0053 
2. 6469 
.9942 
5. 4712 
4. 6947 
4.0007 
3.2890 
2. 5596 
1.9801 
1. 4015 


213. 476 
243. 627 
221.934 
195.540 
267. 038 
•254.637 
240. 808 
232. 188 
220. 5;i9 
211.285 
'202. 044 


I 


0.004 
.928 
.535 
A'Ab 
1.40-t 
1.141 
.926 
.701 
.506 
.357 
.221 


3.081 

8.  a55 

4.317 

.992 

12.  855 

10.235 

8.010 

5.984 

4.104 

2.790 

1.661 


2.117  11.029 
4. 018  29. 846 
2.&M  '  15.398 


.994 
5. 487 
4.714 
4.013 
3.296 
2.5(>4 
1.982 
1.402 


3. 342 
50. 440 
38. 701 
29.395  I 
21.278  ' 
14.460 
9.(W6 
5.704 


3.580 
3.706 
3. 567 
3.370 
3.924 
3. 782 

3.  (m 

3.  556 
3. 524 
3.471 
3.434 


7.767 
7. 577 
7.714 
7.880 
7.430 
7.508 
7.578 
7.  (V19 
7.  72:J 
7.7s? 
7.  .H3'j 
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United  Statei<  (reological  Swney  experiments  at  ( hrnell  University  hydraulic  laboratory  on 
model  of  Plattsfnirg  dam — Continued. 

[Series  No.  XXXIII.     Height  of  weir=P.  11.25  feet;  length  of  weir  crest=L.  15.969  feet:  width  of 
channels  6,  ln.970  feet:  height  of  npstream  crest  comer,  9.79  feet;  width  of  crest,  3  feet.] 


Mea.su  I 

•ed  head 
la!  weir 

1  " 

Maxi- 
mum. 

on  experimen- 
,  in  feet. 

■ 

Mini-      Mean 
mum.          ^>. 

A^ 
areji  of 
section 

per 
foot  of 
crest. 

r   . 
mean 
veloc- 

ity 
of  ap- 
proach, 
in  fei-t 
per  sec- 
ond. 

Head  corrected 

for  velocity 

of  approach, 

in  feet. 

7/^           7/ 

charge 
1     per 

foot  of 
crest. 

in  cubic 

feet  per 
sec- 
ond. 

Dis- 
charge 
coeffi- 
cient 

No. 

Num- 
l)erof 
obser- 
va- 
tions. 

1 

2 

8 

0.  75(« 

4 
0.7493 

• 
0. 752 

6 

12.003 

7 
0.183 

8  ^ 

9 

10 

2.197 

11 

0.653 

0.753 

3.363 

43 

.9973 

.9873 

.992 

12. 243 

.281 

.990 

.993 

3.439 

3.473 

29 

1.3963 

1.3903 

1.3»1 

12.fr44 

.468 

1.651 

1.397 

5.913 

3.580 

33 

1.7893 

1.7803 

1.781 

l:i.034 

.671 

2.396 

1.790 

,    8.747 

3.651 

23 

2.3733 

2. 33«« 

2. 3.V2 

13.603 

.990 

3.641 

2.867 

13. 4« 

3.698 

24 

2.6683 

2.6503 

2.660 

13. 910 

1.170 

4.387 

2. 680 

16.272 

3.709 

52 

.5593 

..5493 

.5.13 

11.803 

1.183 

.432 

.572 

1.397 

3.232 

42 

.660;? 

.6493 

.653 

11.904 

.162 

.528 

.654 

1.808 

3.422 

9 

12 

.6804 

.  6783 

.679 

11.930 

.156 

.560 

.680 

1.866 

3.330 

;hann 

el-/>,  15.970  feet 

height  of  upstream  crest  corner, 

8.37  feet;  width  of  crest,  S  feet 

1 

16 

0.6453 

0.(>383  1 

0.641 

11. 891 

0.137  1 

0.513 

0.641 

1.632 

3.182 

2 

16 

.64-23 

.6383 

.640 

11.891 

.141  ' 

.513 

.640 

1.680 

3.276 

8 

21 

2.02.'S3 

2.0W3 

2.015 

1.3. 266 

.816 

2.882 

2.025 

10.826 

3.756 

4 

19 

1.6303 

1.6203 

1.628 

12.878 

.592 

2.086 

1.633 

7.627 

3.656    1 

5 

19 

1.2333 

1.'2293 

l.*232 

12.483 

.391  . 

1.371 

1.235 

4.877 

3.555    1 

6 

14 

.9523 

.9483 

.950 

12.201 

.261 

.927 

.951 

S.l«> 

3.434 

7 

20 

.4013 

.3983  i 

.400 

11.650 

.070  ' 

.253 

.400 

.815 

3.226 

8 

10 

.6243 

.6243  ! 

.624 

11.875 

.186 

.493 

.625 

1.613 

8.269 

9 

:« 

.2243 

.2203  ' 

.222 

11.473 

.029 

.105 

.222 

.328 

3.183 

10 

39 

.1103 

.1093  1 

.110 

11.360 

.009 

.036 

.110 

.100 

2.777 

11 

14 

5.0963 

5.0793 

8.089 

14.a40 

1.509 

5.515 

3.1*22 

21.636 

8.928 

12 

25 

2.7763 

2.7263 

2.749 

14.000 

1.258 

4.615 

2.772 

17.612 

3.816 

13 

31 

2.4383 

2.3963  . 

2.421 

13. 672 

1.051  ; 

3.8a5 

2.437 

14.374 

3.778 

14 

25 

2.8013 

2.7963  j 

.800 

12.WiO 

.m, 

.716 

.800 

2.841 

8.271 
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I'niUd  ♦Sf/i/<\<  Geologicfd  Surt'ey  experiments  at  Cornell  University  hydraulic  laboratory 
on  vwdel  of  Chamhly  dam. 

[Series  No.  XXXV.     Height  of  welr--=P,  11.25  feet;  lenifth  of  weir  crest=X.,  15.%9  feet;  width  of 
channel=6, 15.970  feet;  height  of  upstream  crest  comer,  10.25  feet;  width  of  crest  4.5  feet] 


;  No. 

Mea»«ttred  head 
tal  weir 

Num- 
ber of     „     . 

obser-     ^f,'"' 
y^        mum. 

tions.  1 

on  experimcn- 
,  in  feel. 

Mini-      Mean 
mum.       -^  D. 

1 

A  = 
area  of 
sei'tion 

per 
fot)t  of 
crest. 

mean 
veloc- 
ity 
of  ap- 
proach, 
in  feet 

per 
second. 

Head  corrected 

for  velocity 

of  approach, 

in  feet. 

(^--dis- 
charge 

per 
foot  of 
crest, 
in  cubic 
feet  per 
second. 

Dis- 
charge 
coeffi- 
cient 

r,. 

1 

S 

8 

4 

0.549 

11.799 

7 

H 
0.407 

9 

0.549 

10 

1.297 

11 

1 

&i 

r 

2.5503     2.5463 

0.110 

3.189 

•2 

55 

1.0103     1.0063 

1.008 

12.259 

.272 

1.014 

1.009 

3.331 

3.285 

3 

40 

1.5613     1.5523 

1.559 

12.810 

.511 

1.954 

L.-ies 

6.548 

3.352 

4 

40 

2.0273  1  2.0133 

2.021 

13.272 

.744 

2.890 

2.029 

9.874 

3.416 

5 

38 

1.7513  1  1.7303 

1.739 

12.990 

.602 

2.304 

1.744 

7. 816 

3.:J92 

6 

46 

1.2673  '  1.2583 

1.262 

12. 513 

.379 

1.422 

1.265 

4.747 

3.337 

7 

41 

.7508  ,    .7543 

.757 

12.008 

.176 

.660 

.758 

2.114 

3.205 

H 

43 

.4453  '     .4373 

.441 

11.692 

.079 

.293 

.441 

.919 

3.132 

9 

20 

.3043       .3003 

.302 

11.553 

.(M5 

.166 

.302 

.526 

3.159 

11 

18 

3.7303     3.7063 

3.755 

15.006 

1.740 

7.40;^ 

3.798 

26. 114 

3.528 

12 

17 

3.2193     8.1813 

3.196 

14.446 

1.406 

5.789 

3.224 

20.319 

3.510 

13 

17 

3.0023     2.9873 

2.987 

14.238 

1.283 

5.224 

3.011 

18.267 

3.4% 

14 

18 

2.6743  ;  2.6643 

2.642 

13.892 

1.077 

4.334 

2.658 

14.963 

3.462 

15 

23 

2.3633     2.3283 

2.317 

13.568 

.901 

3.555 

2.330 

12.221 

3.438 

16 

22 

1.4923     1.4873 

1.463 

12.  713 

.478 

1.775 

1.466 

6.072 

3.420 

17 

37 

.2103  ,     .2093 

.IW 

11.435 

.023 

.079 

.184 

.258 

3.260 

18 

25 

.3913       .3908 

.391 

11.642 

.065 

.245 

.391 

.758 

3.096 

19 

17 

.3313       .3313 

.331 

ll.:>82 

.053 

.191 

.331 

.609  j  3.194 

•20 

24 

.2523       .2523 

.253 

11.5(M 

.035 

.127 

.253 

.404  1  3.258 

21 

21 

.2203       .2193 

.221 

11.472 

.028 

.104 

.'221 

.325 

3.120 

22 

24 

.1843       .18:« 

.IK? 

11.434 

.021 

.078 

.183 

.238 

3.039 

23 

19 

. 1323       . 1313 

.132 

11.383 

.012 

.048 

.132 

.136 

2.826 

24 

20 

.0823 

.0823 

.083 

11.384 

.007 

.024 

.083 

.079 

3.321 

fSerie*  No.  XXXVI.  Height  of  welr=i*,  11.25  feet;  length  of  weir  crest  -/.,  15.969  feet;  width  of  chan- 
nel =6,  15.970  feet;  height  of  upstream  crest  comer,  10.50  feet;  width  of  crest.  4.6  feet,  with  4  inches 
radius  qoarter  round.] 


1 

1 

18 

2.7653     2.6913 

2.741      13.991 

1.185 

4.594 

2.761 

16.686 

8.610 

2 

18 

2.8513     2.2913 

2.316     13.567 

.936 

3.558 

2.330 

12. 698 

3.569 

3 

30 

2.9378    -2.8923 

1.915     13.166 

.702 

2.666  1 

1.923 

9.243 

3.467 

4 

23 

1.6173     1.4993 

1.607     12.758 

.501 

1.8.57 

1.511 

6.390 

3.441 

5 

21 

1.1143     1.1013 

1.111      12.861 

.320 

1.173 

1.112 

3.960     3.367 

6 

19 

.7563       .7493 

.753     12.004 

.177 

.654 

.753 

2.123     8.248 

7 

•22 

.4948       .4903 

1 

.492     11.743 

.095 

j 

.345 

1 

.492 

1.113  1  3.221 
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Vu'ded  Slates  ( ie(t!o{ficnl  Surtrif  ejperimnifs  at  Cornell  hydraulic  labondvry  on  nuMoj 
Dolgenlle  dnm  iritJi  injured  a /rrfm. 

[Scrien  No.  XXXVII.     IltMRht  of  weir    /»,  11.i5  feet;  leiiKth  of  weir  rrest=^/.,  15.969  feet;  width  of 
channel    /*,  I'l.yTO  feet;  height  of  upstreani  crest  corner.  10.25  feet;  width  of  crest,  6  feet.] 


Measured  head  on  experimen- 
tal weir,  in  feet. 


Num- 
ber of 
ob.ser- 


Maxi- 
muni. 


Mini-  jMean 
mum.         />. 


A  -- 

area  of 

section 

per  foot 

of 

crest 


mean 

vel«»c- 

itv  of 

ap- 

pHMcll, 

in  feet 
per  sec- 
ond. 


Hea«l  corrected 

ft)r  velocity 

of  approach, 

in  feet. 


Jli 


Q-dis- 
c  ha  rife 

per         Dis- 
foot  of   charge 
crest,     cocm- 
in  cu-  I  cient 
bic  feet      r,. 
per  sec- 
ond. 


10 


J 

:^o 

0.  920;5 

0.9113 

0.  91(> 

12.  U\i) 

0.  251 

0.878 

0.917 

3.049 

3. 474 

2     ' 

a.'> 

S.-'X-.l.-J 

3.  i'S^i 

3.  :.♦».'> 

14.H1G 

1.535 

G.  828 

3.599 

22.744 

3.331 

3 

2H 

2.912:^ 

2.  H,"»73 

2.  927 

14.17k 

i.iro 

5.060 

2.947 

16.593 

3.279 

4 

52 

2.  3293 

2. 29(Ki 

2.  :«4 

13.574 

.90«> 

3. 570 

2.336 

12. -297 

3.444 

5 

.59 

l.f>413 

l.fi213 

i.rci.5 

12.  H8,'> 

.5K-> 

2.100 

1.640 

7.544 

3.593 

5a 

41 

1.3973 

1.3923 

.115 

ll.fifiC. 

.(XJ9 

.  2G7 

.415 

.810 

3.029 

United  States  deologicnl  Survey  e.rperinienta  at  Cornell  hydraulic  laboratory  on  model  vj 

Dolgerille  dam. 

[Series  No.  XXXVIII.     Height  of  weir  =  /*,  11.25  feet;  length  of  weir  crest  ^/.,  15.%9  feet;  width  of 
channel    h,  15.970  feet;  height  of  upstream  crest  corner,  10.25  feet;  width  of  crest,  600  feet] 


Measured  head  on  experimen- 
tal weir,  in  feet. 


No. 


1 
2 
3 
4 
5 
6 

8  ' 

9 

10  I 
11 

12  1 


Num- 
ber of 
obser- 
va- 
tions. 


Maxi- 
mum. 


I 


8 


0. 3973 

1.6843 

1.1143 

.7513 

.  5093 

.2173 

3.4726 

IM  I  3.1176 

29  2.6176 

30  2.2096 
2^  1.9306 
28  I  1.528»> 


Mini- 
mum. 


0.3913 

1.6713 

1. 1093 

.  7473 

.5083 

.2113 

3. 4586 

3.aH06 

2. 5926 

2.1806 

1.8156 

1.5106 


Mean 


5 

0.  395 

l.«W9 

1.112 

.749 

.5tM 

.209 

3.  470 

3.100 

2.  *>05 

2. 198 

1.920 

1.517 


^- 
area  of 
section 
per  f{K)t 

of 
i   crest 


11.646 
12.910 
12. 362 
12.000 

I  11.754 
11.460 
14.721 
14.351 
13. 856 
13.449 
13.171 

!  12.768 


'--      I 
mean  i 
veloc- 
ity of 
ap- 
proach, 
in  feet 
lK»r  .se<'- 
ond. 


0.068 
.605 

.3;« 

.18.^ 
.101 
.026 
1.466 
1.271 
1.019 
.846 
.  726 
.514 


Head  corrected 

for  velocity 

of  approach. 

in  feet. 


7/3 


0.249 

2.206 

1.175 

.649 

.3.58 

.096 

6. 551 

5.521 

4.243 

3.283 

2.677 

1.872 


H 


charge 

per     I    Dis- 
foot  of  ( chaigc 
crest,  I  coefn- 
in  cu-  i  cient 


bic  feet 

per  .sec 

ond. 


Q. 


10 


11 


0.3% 

0.790 

3.176 

1.695 

7.826 

3.M8 

1.114 

4.113 

3.501 

.750 

2.223 

3.426 

.5(M 

1.186 

3.310 

.209 

.2M 

3.081 

3.501 

21.583 

3.296 

3. 124 

18.238 

3.303 

2. 621 

14. 124 

3.329 

2. 209 

11,381 

3.467 

1.928 

9.658 

3.570 

1.519 

6.567 

3.503 

[Series  No.  XXXIX.    Height  of  weir=P.  11.2.5  feet;  length  of  weir  QTest=L,  15.969  feet;  width  of 
channel =6,  15.700  feet;  height  of  upstream  crest  corner,  10.25  feet;  width  of  crest,  6  feet] 


26     0.688;^     0.6793 


3  ; 
4 
5 
6 

8 

9  ' 
10 


.4183 
3.9806 
3.1506 
2.5066 
1.8986 
1. 2716 
.8286 
.  5626 


.4153 
3. 920(5  < 
3.1366 
2.4806  ] 
1.8756  ' 
1.2626  I 
.8206 
.5606 


0.  683 

.  6,s3 

.418 

3.943 

3. 145 

2.  488 

1.884 

1.268 

.826  I 

.561   ' 


11.934 
11.934 
11.66S 
15. 194 
14.396 
13,739 
13. 135 
12. 518 
12.077 
11.811 


0.170 
.167 
.081 
1.721 
1.280 
.966 
.699 
.401 
.218 
.125 


0.565 

0.684 

2.027 

3.586 

.565 

.684 

1.995 

3.530 

.270 

.418 

.944 

3.497 

7.9,56 

3.9a5 

26.150 

3.287 

5.642 

3.169 

18. 481 

3.266 

3.958 

2.502 

13.268 

3.352 

2.601  1 

1.891 

9.186 

3.532 

1.432 

1.270 

6.025 

3.509 

.752 

.827 

2.639 

3.494 

.420 

..561 

1.481 

3.526 
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Vnittd  iSla/flj  Geological  Survey  experiments  at  Cornell  hydraulic  laboratory  on  model  of 
flat-top  weirs  with  vertical  faces. 

fSeriea  No.  XL.    Height  of  weir=P,  11.25  feet;  length  of  weir  crest-^X,  15.969  feet;  width  of  ohannel ^- 
6,  15.970  feet;  width  of  broad  ercMt,  0.479  foot;  nappe  aerated.] 


Measured  head  on  experlmen 
tal  weir,  in  feel. 


No. 


[Series  No.  XLI.    Height  of  weir  ^  P,  11.2,)  feet:  length  of  weir  cri^st  -  />,  15.969  feet;  width  of 
channel  =  b,  15.970  feet;  width  of  broad  erest,  1.646  feet;  nappe  partly  aerated.] 


25 

3.8606 

3.8256 

25 

3.1906 

3.1666 

26 

2.6906 

2.6656 

31 

2.0306 

2.0116 

28 

1.6043 

1.5973 

27 

1.2373 

1.2293 

25 

.W43 

.9393 

M 

.6733 

.6693 

30 

.4893 

.4873 

18 

.3303 

.3293 

34 

.2113 

.2093 

22 

.1253 

.1213 

20 

.4206 

.4136 

44 

.4206 

.4126 

3.842 

3.177 

2.674 

2.022 

1.601 

1.233 

.912 

.671 

.488 

.330 

.210 

.122 

.788 

.417 

.417 


15.092 

14.4*28 

13.925 

13.272 

12.852 

12. 4J^ 

12. 192 

11.922 

11.739 

11.581  I 

11.461   ' 

11.373  ] 

12.038 

11.668  ' 

11.668 


1.692 
1.317 
1.050 
.680 
.462 
.307 
.203 
.123 
.078 
.045 
.024 
.011 
.153 
.061 
.06.-. 


7.651 
5.730 
4.413 
2.889 
2.032  I 
1.372  I 
.915  ! 
.575  ! 
.341  ' 
.190 
.096 
.043 
.699 
.270 
.270  , 


3.8h;J 

3. 202 

2.690 

2.028 

1.604 

1.234 

.942 

.692 

.488 

.330 

.210 

.122 

.788 

.417 

.417 


25. 531 

18.995 

14.624 

9.021 

5.936 

3.835 

2. 476 

1.472 

.910 

.520 

.272 

.130 

1.840 

.750 

.759 


3.387 
3. 315 
3.314 
3.123 
2.922 
2.796 
2.706 
2.  .560 
2.669 
2. 742 
2.827 
3.047 
2.631 
2. 782 
2.815 


[Series  No.  XLII.    Height  of  welr-P,  11.26  feet;  length  of  weir 
ne!  -ft,  15.970  feet;  width  of  broad  eri-Ht,  12.239  feet; 


1 

2  I 
3 
4 

5  I 

6  ' 

8 

9 
10 
11 
12 


33 

0.1706 

32 

4.3706 

26 

3.8816 

38 

3.0446 

32 

3.7356 

29 

3.6856 

38 

3.3966 

27 

2.2506 

34 

1.4706 

22 

1.0986 

86 

.6406 

28 

.6126 

0.1626 
4.3416 
3.8006 
3.0256 
3.7186 
3.6776 
3.3806 
2. 2406 
1.4526 
1.0906 
.6376 
.6106 


0.168 
4.a')3 
3.809 
3.032 
1.728 
2.580 
3.387 
2.243 
1.449 
1.096 
.639 
.611 


11.418 
16.604 
15.060 
11.283 
12. 979 
13.  Kn 
14.638 
n.  494 
12.  700 
12.347  i 
11.890  I 
11.862 


0.016 
1.584 
1.321 
.971 
.467 
.787 
l.KW 
.657 
.36i> 
.2.53 
.116 
.109 


crest 
nappe 

Of.9 
196 
510 
317 

278 
16<i 
2N'> 
M'A 
718 
149 
oil 
478 


L,  15.969  feet;  width  of  ehan- 
jmrtly  aemted.] 


0.168 
4.389 
3.835 
3.046 
1.732 
2. 589 
3.406 


0.180 
24.716 
19. 896 
13. 876 

6.066 
10. 882 
16.  5;i5 


2. 249 

8.870 

1. 451 

4.  fW2 

1.097 

3.129 

.639 

1.375 

.611 

1.290 

2.611 
2.688 
2.649 
2. 610 
2.663 
2. 612 
2. 631 
2. 629 
2.701 
2.  723 
2.689 
2.700 
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United  Suites  (ieologiccU  Surety  experiments  at  Cornell  hydraulic  laboratory  on  model  of 
tfat'top  weirs  with  vertical  faees — (^ontinue<i. 

[Series  No.  XLIII.    IleiKlitof  weir    iM  1.2.')  feet:  leiiKthof  weir  e^e^t  =  L,  15.969  feet;  width  of  channel  = 
b,  15.970  leet;  width  of  bnmd  ere.Ht,  U;.:W)2  feel;  surface  .**omewhat  n>UKh:  nappe  partly  aerated.] 


Measured  head  on  expn'riinen- 
lal  weir,  in  feel. 


No. 


Nuin-  i 
ber  of 
obser-  , 
va-     I 
tioiiR. 


Maxi- 

Mini- 

mum. 

mum. 

S 

4 

Mean- 


area  of; 

seelion 

per  foot 

of 

erent. 


f  - 
mean 
veliH'- 
ily  oi 
ap- 
^)roaeh, 
in  feet 
lx*r  see- 
oiui. 


Head  eorreeled 

for  velcK'ity 

of  ap[>r(wch, 

in  feel. 


7/« 


(^==di8- 
eharge 

per 

foot  of 

ereht. 

in  eubie 

feet  per 

'  seeond 


DiH- 

charge 

eoefti-  ' 

eienl   ' 

^1. 


1 

12 

0.  mM', 

0.  H506 

O.H.-)l 

12.10*2 

0.168  ^ 

0.786 

0. 852 

2.027 

2.579 

2 

12 

.4496 

.  4426 

.447 

11.69K 

.069  ' 

.299  , 

.447  ^ 

.811 

2. 713 

3; 

10 

.  3246 

.3106 

.312 

11.56:i 

.040 

.174 

.312 

.468 

2.684 

4I 

26 

.6936 

.6H.T6 

.(W9 

11.940  i 

.129 

.573 

.690 

1.544 

2.696 

5 

33 

4.4506 

4.4176 

4.482 

15. 68;i 

1.595 

9.449 

4. 469 

25.011 

2.W7 

6 

27 

3.  «WO«i 

3.6306 

3.661 

14.912  t 

1.251 

7.076 

3.686 

18.657 

2.637 

7 

34 

2.  9426 

2.  9:uk; 

2.  9a5 

14. 186  ' 

.930 

5. 062 

2.948 

13.200 

2.608 

8  ' 

30 

2.3626 

2.35N5 

2.3(iO 

13.611  I 

.706 

3.644 

2.368 

9.607 

2.637 

9  1 

23 

1.8956 

1.  Hm\ 

1.H90 

13.141 

.520 

2.607 

1.894 

6.841 

2.624 

10 

25 

1. 4826 

1.4756 

1.480 

12.731  1 

.374  1 

1.804 

1.482 

4.767 

2.  .531 

11 

26 

1.20H6 

1.2t)'26 

1.206 

12.4.57 

.282  { 

1.3-27 

1.208 

3.620 

2.652 

1 

[Series  No.  XLIIIa.    Height  of  weir-^/»,  11.25  feeU  length  of  weir  cre.st  ^L,  15.969  feet;  width  of  chan- 
nel =b,  15.970  feet;  widtli  of  broad  crest.  16.302  feet:  smooth  planed  surface.] 


19  0. 3626  0. 359<> 

20  .24%  .2426 
.1686 
.9906 
.9856 
.7886 
.  6226 
.4976 
.3926 
.2806 
.1606 
.0776 


.1646 
.9S46 
.9776 
.  7826 
.6206 
.4946 
.39t)6 
.  278() 
.1006 
.0756 


0.361 
.246 
.167 
.9.H6 
.981 
.786 
.621 
.496 
.392 
.280 
.161 
.077 


11.612 
11.497 
11.418 
12.236 
12.  -ilVi 
12. 036 
11.872 
11.747 
ll.r^3 
11.530 
11.411 
11.327 


0.050 
.026 
.013 
.214 
.210 
.153 
.110 
.080 
.a>8 
.036 
.016 
.006 


0.217 
.1*22 
.068 
.980 
.973 
.697 
.490 
.350 
.246 
.148 
.064 
.021 


0.361 
.246 
.167 
.986 
.982 
.78<» 
.622 
.496 
.892 
.280 
.161 
.077 


0.576 

.305 

.153 

2.618 

2.568 

1.S47 

1.309 

.945 

.670 

.421 

.184 

.066 


2.653 
2.494 
2.240 
2.673 
2.638 
2.651 
2. 670 
2.704 
2.728 
2.848 
2.851 
3.127 


[Series  No.  XLIV.     Height  of  welr-P,  11.-25  feet;  length  of  weir  erest^L,  15.969  feet;  width  of  chan- 
nel =/>,  15.970  feet;  width  of  broad  cre.sl,  8.98O  feet.] 


1 

27 

0. 3l:J6 

0.3116 

0.312 

11.5(a 

0.040 

0.174 

0.312 

0.469 

2.691 

2 

20 

.  159<i 

.  1576 

.159 

11.410  ' 

.014 

.0<^ 

.169 

.163 

2.570 

3 

^2 

.4196 

.4176 

.419 

11.670  ! 

.058 

.271 

.419 

.679 

•2.504 

4 

•20 

3. 06(ki 

3.0506 

3.a58 

14.309 

.9W 

5.386 

3.073 

14.105 

2.619 

5 

19 

2.8306 

2.3116 

2.319 

13. 5<19 

.686 

3.547 

2.3*26 

9.807 

2.624     I 

6 

17 

2. 8*i.T<; 

2. 848«) 

1.856 

13. 107 

.512 

2.537 

1.860 

6.712 

2.646    j 

7 

31 

1.5166 

1.510(» 

1.513 

12. 7r>3 

.38<) 

1.864 

1.515 

4.928 

2.642    1 

8 

28 

1. 2.556 

1.2.506 

1.252 

12.  .503 

.297 

1.404 

1.2W 

3.718 

2.649    ! 

9 

31 

1.0396 

1.0:i56 

1.038 

12. 289 

.228 

1.059 

1.039 

2.803 

2.646    1 

10 

29 

.8996 

.8916 

.897 

12. 148 

.186 

.850 

.897 

2.264 

2.662    i 

11 

26 

.7326 

.7306 

.7:^2 

11.983 

.140 

.627 

.732 

1.676 

2.676 

12 

32 

.5046 

.5006 

.502 

11.753 

.08;i 

.3.-16 

.502 

.971 

2.727 
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United  Stales  Geological  Survey  ejcperiments  at  Cornell  hydraulic  laboratory  on  model  of 
flat-top  weirs  iiith  vertical  faces — Continued. 


[Serie 


No.  XLV.    Height  of  weir=i»,  11.25  feet;  length  of  weir  crest =L,  15.%9  feet;  width  of  chan- 
nel=6, 16.970  feet;  width  of  broad  crest,  6.875  feet;  nappe  partly  aerated.] 


Measured  head 
tal  weir 

on  experimen- 
,  In  feet. 

area  of 

mean 
veloc- 
ity of 

proach. 
in  feet 

per 
second. 

Head  corrected 

for  velocity 

of  approach, 

in  feet. 

Q^dis- 
charge 

per 
foot  of 
crest, 
in  cubic 
feet  per 
second. 

Dis- 
charge 
coeffi- 
cient 
(\- 

^o. 

Num- 
ber of 
obaer- 

va- 
tions. 

Maxi- 
mum. 

Mini- 
mum. 

Mean  = 
J). 

section 

per  foot 

of 

crest. 

1 

2             8 

4 

5 

e 

7 

8             9 

10 

n 

1 

24     0. 1766 

0.1726 

0.174 

11.424 

0.018 

0.072       0.174 

0.207 

2.857 

2 

32  1     .2566 

.•2626 

.253 

11.504 

.029 

.127         .263 

.337 

2.647 

3 

38       .3906 

.3886 

.390 

11.640 

.065 

.243         .390 

.641 

2.636 

4 

31  ,     .9906 

.9786 

.982 

12.233 

.209 

.975         .983 

2, 557 

2.624 

6 

31      1.2456 

1.2896 

1.242 

12.492 

.293 

1.386       1.243 

8.666 

2.646 

6 

82       .9126 

.9066 

.908 

12.159 

.189 

.367         .909 

2.294 

2.646 

7 

42       .7346 

.7306 

.783 

11.983 

.189 

.627         .733 

1.670 

2.663 

8 

26     1.0006 

.9916 

1.996 

13.247 

.664 

2.830       2.001 

7.469 

2.639 

9 

83       .6906 

.5806 

1.685 

12.836 

.410 

2.000       1.587 

6.264 

2.632 

10 

23       .5916 

.6896 

.590 

11.841 

.103 

.4M         .590 

1.220 

2.689 

11 

36       .6216 

1 

.6116 

.520 

11.771 

.087 

.376         .621 

1.022 

2.722 

[Serie 


No.  XLVI.    Height  of  weir=P,  11.28  feet;  length  of  weir  crest =L,  16.969  feet;  width  of  chan- 
nel =6,  15.970  feet;  width  of  broad  crest,  3.174  feet;  nappe  partly  aerated.] 


1- 

si 

.:! 

6! 
7 
8 
9 

10  i 

11  I 
12 


26 

0.2526 

41 

.1916 

34 

.4186 

23 

2.9686 

30 

2.4956 

32 

2.0376 

33 

1.6006 

32 

1.2826 

32 

.9726 

31 

.7866 

38 

.6026 

33 

.5066 

0.2446 

.1896 

.4166 

2.9416 

2.4806 

2.0126 

1.5906 

1.2286 

.9706 

.7816 

.6006  i 

.5026  • 


0.250 

.191 

.417 

2.965 

2.486 

2.080 

1.697 

1.232 

.972 

.784 

.602 

.503 


11.601 

11.441  I 

11.668 

14.216 

13.737 

13.280  ' 

12.847  j 

12.483 

12.222 

12.086 

11.852 

11.7.*^ 


0.029 
.019  , 
.066  i 

1.048 
.808 
.694 
.417 
.291 
.208 
.154 
.106 
.082 


0.126 

.083 

.269 

6.147 

8.943 

2.903 

2.022 

1.370 

.959 

.695 

.467 

.357 


0.'250 

.191 

.417 

2.981 

2.496 

2.035 

1.599 

1.234 

.972 

.785 

.602 

.503 


0.333 

.221 

.766 

14.901 

11.032 

7.896 

5.360 

3.6*28 

2.549 

1.856 

1.254 

.967 


2.666 
2.660 
2.846 
2.895 
2.798 
2.720 
2.650 
2.647 
2.668 
2.670 
2.686 
2.706 


[Seri« 


No.  XLV II.    Height  of  weir^P,  11.26  feet;  length  of  weir  crest = /.,  15.969  feet;  wldlh  of  chan- 
nel =6,  16.970  feet:  width  of  broad  crest,  0.927  foot;  nappe  partly  aerated.] 


1 

27 

0.1666 

0.1686 

0.165 

11.416  j 

0.016 

0.067 

0.165 

0.180  ,  2.690 

2 

29 

.2816 

.2726  1 

.278 

11.529  , 

.033 

.147 

.278 

.377     2.663 

3 

31 

.4166 

.4106 

.412 

11.663 

.060 

.266 

.412 

.700     2.644 

4 

29 

2.9446 

2.9206 

2.933 

14.184  ' 

1.187 

6.076 

2.964 

16.840     3.318 

5 

29 

2.6306 

2.6116 

2.622 

13.772 

.970 

4.037 

2.536 

13.360     3.314 

6 

26 

2.0196 

2.0106 

2.014 

13.264 

.722 

2. 874 

2.021 

9. 672     3. 331 

7 

29 

1.5786 

1.6706  i 

1.692 

12. 842 

.512 

2.015 

1.596 

6.582     3.266 

8 

80 

1.2296 

1.2286 

1.226 

12. 477 

.845 

1.361 

1.228 

4.308  1  3.166 

9 

27 

1.0096 

1.0046 

1.007 

12.258 

.248 

1.012 

1.008 

3.046  :  3.008 

10 

84 

.7786 

.7766  1 

.777 

12.027 

.163 

.685 

.777 

1.965  1  2.869 

U 

27 

.6296 

.6276  1 

.629 

11.879 

.117 

.499 

.629 

1.389     2.786 

12 

30 

.4616 

.4606 

.'461 

11.712 

.073 

.813 

.461 

.859     2.744 
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United  States  Geological  Sunetf  i'.q)iTimentif  at  Cornell  hydraulic  lahoratr/rt/  on  model  of 
Merritaiic  River  dam^  at  Lairrertcey  J/ct/w. 

[Height  of  wcir^P,  ('..(15  ft-ot;  length  <>f  weir  crest- L,  9.999  feel;  width  of  channel ^6, 15.97  fi^^-l.] 


Mea.Mure<l  liead  on  experimen- 
tal weir,  in  feet. 


No. 


Xmn- 
ber  of 
obser- 

va-     I 
tionH.  ' 


Ma.xi- 
nuim. 


Mini- 
mum. 


Mean^ 
IK 


mean 
veloe- 

iiy 
of  ap- 

'•"*' '"    in  feet 
perscH'- 
I  I   ond. 


'     A  -     I 

area  of  I 

section , 

per     I 

>ot  oi 

crest. 


Head  corrected 

for  vekM'iiy 

of  approach, 

in  feet. 


ni 


1" j     4.t)01  I 


21    3.  e;30 


10 

I 

11 

22 
23 


3.  \m 

2.  H15 

2.  r>io 

2.  22:i 


6 

10.  ().")l 
lO.TvSO  ! 
10.2S0  I 
10. 2S0 
9.K1G 
9.4<'.f)  ' 
9.  1(X) 
H..H73  I 
8.780  : 


2.  (JIM  I 
2. 563 
2.309  I 
2.319  ' 
1.939  ' 
1 .  C54  I 
1.424 
l.'JOO 
1    1>T 


.S.28H 
M.  OM 

7.029 
7.029 
5. 7t>9 
4.K37 
4.0(?7 

3. 3*n 


H 


4.094 
4.018 
3.670 
3.670 
3.216 
2.fS60 
2.548 
2. 244 


charge,    pj^,.    | 

feet  per 
second 


11 


27.  im     3.  'MV^t 
27. 120  '  -^ 


23.740 
23.738 
19.039 
15.660 
13. 049 
10. 652 


3.367 
3.377 
3.377 

3.:»o 

3. '237 
3.208 
3.169 


19 


..VS3  1 

.19>^  I 


7.233  1 

6.mx 


.192 
.039 


.446  j 
.088 


.5.S4 

.198 


1.389  ' 
0.270 


3.114 
3.067 


In  the  accompanying  tables  (pp.  1)8-106),  columns  2,  3,  and  4  show, 
respectively,  the  number  of  observations  of  head  and  the  maximum 
and  minimum  readings  in  each  experimental  period.  In  column  5  is 
given  the  mean  head  on  the  experimental  weir  deduced  from  the  tape 
observations  above  described.  Column  6  shows  the  area  of  cross  sec- 
tion of  the  channel  of  approach  per  foot  of  crest.  For  suppressed 
weirs  this  quantity  equals  the  sum  of  the  height  of  weir  plus  the 
measured  depth  on  crest.  For  weirs  with  one  end  contraction  the 
quantity  A  is  obtained  })y  dividing  the  total  area  of  the  water  section, 
where  D  is  measured,  by  the  net  length  of  the  weir  crest  <'orrected 
for  the  end  contraction.  For  those  series  where  the  depth  on  the 
experimental  weir  was  increased  by  contracting  the  weir  to  about  one- 
half  of  the  channel  width  and  introducing  one  end  contraction,  the 
net  length  of  crest  has  been  determined  by  the  method  of  Francis,  by 
deducting  one  tenth  the  head  from  the  measured  length  of  crest.  The 
discharge  per  foot  of  crest  of  the  experimental  weir  given  in  colunm 
10  has  been  deduced  from  the  discharge  over  the  standard  weir, 
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Plates  XXIII  and   XXIV  will   be  found   immediate)}'  preceding 
page  95. 


*  ■"" 

1 

\ 

^ 

\ 

\ 

-  \ 

h 

— 

\ 

t 

\  © 

<0 

\g) 

b 

c 

(S? 

0| 

1 

1 

3 

< 

'i 

vy   _ 

s 

O  tn 

O 

< 

_J  cc 

-' 

O  Hi 

o 

UJ   > 

«8 

3 

O  2 

a. 

tn   2 

_    QC 

o: 

< 

?8 

I 

»l 

2 

-' 

-1 

D 

=,-  s 


Digitized  by  VjOOQIC 


Digitized  by  CjOOQIC 


|l«5 


s 

■] 

H 

111.  ^- 

V 

ro 

) 

1 

i 

•^ 

i 

\ 

h 

\ 

^ 

h> 

-lA. 

\ 

13 

\ 

IS 

V) 

1 

\~ 

lie? 


^ 

L 

«5 

T 

A    1 

i<^/\ 

-H 

^ 

— /«V^ 

s 

[ 

1 

^ 

<^ 

A 

) 

»^ 

f^ 

f 

.^ 

^ 

n 

1 

^ 

\ 

i 

\ 

\i 

\ 

^ 

) 

U 

■b 

r 

© 

^ 

^!^ 

\?> 

(^\ 

(p 

r 

'S, 

! 

3 

• 

• 

; 

5 

o 

D 


O 

u 


-   o 


o  •*> 
u.  2 

o> 

uj  O 

?i  o 


•      2 


o 
o 

-J 
o 

UJ 


z 

D 
u. 

o 


z 

UJ 


Digitized  by  VjOOQIC 


Digitized  by  CjOOQIC 


— 1 

^ 

-^ 

^^^..^ 

Is. 

r 

-< 

s 

\\                      ^  ~ 

1^ 

-!-a 

1] 

^  \ 

p 

5) 

1  -  \ 

«c//" 

1 

vi 

/ 

/ 

r 

i 

■13- 

=)/ 

1 

1 

f, 

® 

to 

(^ 

) 

1 

^ 

1 

1 

L 

^ 

i 

'I 

\ 

EX| 

i 

) 

1 

If  4- 

8 

5^  g 


o 


o  > 

^§ 

D  < 

-J  QC 

O  O 

>  oo 


QC    < 

o  </) 
O  ^ 


Digitized  by  CjOOQIC 


Digitized  by  CjOOQIC 


. 

I'll 

?     t 

-.i^  V 

[^^=-^ 

h              "^ 

•*> 

^ 

-^ 

^ 

t 

^ 

rs 

•*■ 

»!i 

i:^ 

^ 

^ 

-J 

5) 

r" 

1 

— 

- 

— 

~ 

— 

— 

— 

' 

\ 

o 

i 

V 

\ 

s. 

^ 

k 

N 

N. 

( 

j5) 

'^ 

^ 

^ 

i 

r\ 

O 

1 

^ 

y 

1 

•5 

1\                         'O 

W 

"til      s: 

«^ 

-- 

\     ^ 

^O'A 

— 

^ 

' 

3 

, 

* 

/ 

g 

I 

f 

^ 

' 

** 

2? 

/ 

") 

/ 

•^ 

10 

/ 

■5 

7 

— 

—• 



— 

1 

y 

^ 

k 

/'-^ 

■    t) 

I 

( 

* 

1 

r 

4 

, 

?     u' 


Digitized  by  VjOOQIC 


Digitized  by  CjOOQIC 


X 

1 

■■" 

X 

u 

s! 

1^ 

S 

6 

<r 

1 

/*-> 

a 

fi 

> 

1 

3 

__ 

— 

< 

^ 

> 

— 

- 

t 

^      ! 
u     ' 



1 

— 

1 



ii 

— 

: 

^ 



T 

— 

J— 

— 

1 

^ 

l] 

J 

^" 

j/ 

s 

} 

1 

* 

@ 

« 

u^     _ 

T 

2 

1 

3 

h 

=■ 

1 

i 

^ 

\ 

® 

\ 

^ 

\ 

i 

h 

1 

1 

5 

-< 

3      2 


38 


_ 

"~ 

2 

^ 

4 

r 

J  ■ 

s  - 

-  t 

4 

'                 ■* 

.■g       i 

'  ^              < 

;     1               < 

^ 

i  1       " 

■  i 

r 

^ 

A 

^ 

> 

^ 

^ 

Sj 

d 

(C 

i 

/ 

\l 

r 

v' 

I 

1 

^ 

A 

11^ 

>    • 

5 

• 

1 

*<  s: 


< 

O 

>- 
X 


z 

D 


O 


o 
o 


«      > 

u       ^ 
O 


i;    2 


o  >■ 


1      u 


-J  a 

ss 

S3 


o 


o 


IRR  150-06 11 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


•I     I 

111 

- 

— 

AJ 
O 

1 

1: 
1: 

1 

1 

1 

! 

5 

^ 

k  _ 

'^ 

^ 

**4 

^ 

f 

■i 

t 

3i 

^ 

Y 

^ 

f 

J 

^ 

1 

=) 

® 

A 

r 

© 

s 

<i 

s 

i 

1 

« 

5 

3 

1 

t 

•i 

^ 

N 

V     _ 

1 
1 

1- 

1: 

1 

1 

i      1 

-§ 

i  45 

1 

\i 

1     ' 
I    1 

t  ' 

■    1 

( 

k 

J 

^ 

^ 

^. 

^ 

<0 

(f 

i 

i 

) 

I 

1 

) 

h 

J- 

-ic 

(i 

)> 

B 

. 

5) 

n 

s 

\ 

8 

9 

« 

•I  fl    ^ 


si 


2  6   b: 


O  o 


o  < 


z  o 

o  3 

>  3 
Ui   < 

>  Qc 

QC   O 

D   > 

tn  I 

55 

(5  QC 

O  UJ 

_j  > 

Q  i 


t/)  o 

Q    ^ 
UJ 


z 

UJ 


Digitized  by  VjOOQIC 


Digitized  by  CjOOQIC 


5 

N 

'i 

f 

:  I 

I     1 

'        '           \ 

-t*. 

•v 

0 

r 

0) 

k 

$ 

!) 

■ 

• 

( 

\ 

? 

r  . 

u 

t 

) 

,Q 

I 

i 

1 

*    ( 

J2 

<t 

i> 

y 

ih 

s 

i 

0 

S 

C'S 


\ 

\ 

1 

1^ 

n 

u 

/ 

ft\ 

^ 

1 

\ 

\ 

\ 

4 

\ 

>. 

\ 

)J 

\ 

N 

.T 

S   .     U 

1           '^ 

,     \ 

J 

1 

^ 

^ 

\ 

1 

) 

\ 

^ 

Dj 

— tf  V 

(?5) 

^^r 

yt 

) 

Q: 

) 

o 

2 


Q  , 


o  > 

D  < 

-I  QC 

O  O 

>  00 

z3 


>- 

u  > 

5!= 
oli! 


o 


lo  z 


z 

D 


11^ 


Digitized  by  CjOOQIC 


Digitized  by  CjOOQIC 


X 

5 

N* 

•? 

— — 1 

i 

"i 

1 

5^ 

ae 

6 

p 

1      1      1      1 

Is.      _ 

t 

1 

::              ?- 

«0 

C 

^  L 

i  ^ 

^ 

f 

1- 

^] 

1         1         1         1         i 

4 

1 

r^ 

\ 

\ 

> 

\ 

k 

\ 

\ 

\ 

^ 

1 

\ 

rs 

\ 

(0 

k 

1 ' 

1 

U 

§ 

_ 

\ 

> 

<0 

(g) 

© 

3 

M 

y . 

1 

B 

i 

3 

r 

l«2 

i 

s 

i 

0 

\ 

a 

• 

! 

3 

D 
< 

o 


z 

D 


111 

z 

QC 
O 
U 


o 


1  I!  •$ 
'.S      ^ 

!5       E 


D   < 

O  O 
>  OD 


(0 

o 

o 

g 

_i 
o 

JS; 

Ul 

ffl 

e> 

</> 

UJ 

1- 

< 

1- 

tn 

o 

UJ 

1- 

z 

Digitized  by  CjOOQIC 


Digitized  by  Google 


WEIRS    OF   IRRKGITLAR   SECTION.  107 

obtained,  as  described  above,  by  dividing  the  total  discharge  by  the 
net  length  of  the  experimental  weir.  The  mean  velocity  of  approach 
^',  given  in  column  7,  has  been  obtained  by  the  formula 

Q 

The  correction  for  velocity  of  approat»h  has  l)een  carefully  computed 
b}'  the  Francis  formula 

where 

The  resulting  values  of  //*  are  given  in  column  8.  The  correspond- 
ing values  of  //,  given  in  column  1),  have  been  obtained  bv  interpola- 
tion from  a  table  of  three-halves  powers.  The  discharge  coeflScient  C\ 
given  in  column  11  has  been  obtained  by  the  formula 

7/2 

This  coefficient  represents  the  discharge  per  linear  foot  of  crest,  if 
the  head  is  1  foot,  with  no  velocity  of  approach,  it  being  the  coefficient 
in  a  weir  formula  of  the  same  form  as  that  used  by  J.  B.  Fmncis  for 
a  thin-edged  weir. 

Pis.  XXIII  to  XXXII  show  the  coefficient  diagrams  deduced  from 
these  experiments, 

EXPERIMENTS  OX   MODEL   OF   DAM   OF  THE   ESSEX   COMPANY,  MERRIMAC 
RIVER,  AT   IJVWRENCE,  MASS.'* 

A  series  of  experiments  covering  five  different  depths  on  crest  was 
made  by  James  B.  Francis  at  lower  locks,  Lowell,  Mass.,  November, 
1852.  The  model  had  a  crest  length  of  9.999  feet,  with  end  conti-actions 
suppresi^ed.  Height  of  water  was  measured  by  hook  gage  in  a  (cham- 
ber at  one  side  of  the  channel,  0  feet  upstream  from  crest,  so  arranged 
as  to  give  substantially  the  height  of  the  still-water  surface  above  the 
crest  without  correction  for  velocity  of  approach.  The  discharge  was 
volumetrically  determined  as  in  Francis's  thin-edged  weir  experiments. 

The  experiments  of  Francis  covered  depths  on  crest  ranging  from 
0.5872  foot  to  1.6338  feet.  From  these  experiments  he  deduced  the 
formula  for  discharge, 

(>=3.01208Z/y*". 

a  Francis,  J.  B.,  Lowell  Hydraulic  Experiments,  pp.  18<'f-137. 
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If  the  discharge  were  expressed  in  terms  of  the  usual  formula, 
3         . 
Q=  CiLIl^y  with  a  varying  coefficient  6,,  we  should  have  a  continu- 
ously increasing  coefficient. 

A  series  of  experiments  on  a  similar  model  dam,  6.H5  feet  high,  with 
crest  length  of  15.932  feet,  vva.s  made  at  Cornell  University  hydraulic 
laboratory  in  1903.  The  model  there  used  differed  from  that  shown 
by  Fiancis  only  in  the  substitution  of  a  flatter  upstream  slope  near  the 
bottom  of  the  canal,  as  shown  in  PI.  XXXIII.  The  end  contractions 
were  suppressed  and  the  depth  on  crest  was  measured  with  steel  tape 
and  plumb  bob  suspended  over  center  of  channel  at  points  14.67  feet 
and  29.82  feet,  respectively,  upstream  from  crest  of  experimental  weir. 
Discharge  was  previously  measured  over  the  standard  weir,  calibrated 
by  Bazin's  and  Fteley  and  Stearns's  formulas,  located  at  head  of  experi- 
mental canal. 

The  experiments  covered  a  range  of  heads  varying  from  0.198  foot  to 
4.94  feet.  In  the  majorit}^  of  the  experiments  the  head  was  observed 
at  both  points.  The  upper  point  of  measuring  depth  was  at  the 
upstream  end  of  the  inclined  approach.  The  lower  point  was  over  the 
incline,  where  the  area  of  the  section  of  approach  was  smaller  and 
the  velocity  larger  than  in  the  deeper  channel  above.  The  experi- 
ments have  been  reduced  with  reference  to  the  heads  measured  29.82 
feet  upstream  from  crest.  By  comparison  of  the  depths  simultane- 
ously observed  at  the  two  points  correction  fac^tors  have  been  deduced 
for  the  reduction  of  the  remaining  experiments,  in  which  the  head  was 
observed  at  the  downstream  point  of  observation  only. 

The  observed  head  has  been  corrected  for  velocity  of  approach  by 
the  formula  of  Francis.  The  resulting  mean  coefficient  curve,  based 
on  19  valid  observations,  shows  a  largei*  coefficient  of  discharge  in  the 

3 

formula  Q=  C\LI/^  than  does  that  of  Francis. 

For  a  head  of  1  foot  the  fornmla  of  Francis  for  the  Merrimac  dam 
gives  a  discharge  of  90.3  per  cent  of  that  for  a  thin-edged  weir.  The 
Cornell  experiments  show  94.5  per  cent  of  the  discharge  over  a  thin- 
edged  weir  under  the  same  head. 
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Discharge  per  fool  of  crests  Francis  formula  for  Merriinac  dam^  compared  imih  Corrwll 
experiments  07i  similar  cross  section. 


IH'pth  ou 

Q  per  foot  of 
cre»t,  in  cu- 
bic feet  per 

f^econa. 

Francis. 

Coefficient  < 

Francis'M 
formula. 

\  in  formula 

uii. 

Cornell  ex- 
periments. 

Depth  on 
crest,  //. 

q  per  foot  of 
crest,  in  cu- 
bic feet  per 
second, 
Francis. 

('oefficient  ( 

Francis's 
formula. 

!7i  in  formula 

rn^t,  H. 

Cornell  ex- 
periments. 

0. 15 

0.1653 
.2567 

2.845 
2.  871 

3.05 
3.06 

0.85 
.90 

2.  :«90 

2.  5636 

2.997 
3.  002 

.20 

3.15 

.25 

.:^ii 

2.889 

3.07 

.95 

2.  7846 

3.  007 

3.15 

.30 

.4774 

2.905 

3.08 

'       1.00 

3.0121 

3.012 

3.15 

.;i5 

.6043 

2.913 

3.0*) 

1.15 

3!  7500 

3.  041 

3.13 

.40 

.7431 

2. 937 

3.11 

1.25 

4.  2378 

3. 033 

3.12 

.45 

.8877 

2.940 

•     3.12 

1.50 

5.6012 

3.048 

3.10 

.50 
.  55 

1.0430 
1.206 

2.940 
2.  956 

3.13 
3.  i:^ 

1.75 
1       2.00 

3.12 
3.14 

8.  6975 

3.  075 

.60 
.65 

1.379 
1.5581 

2.966 
2. 973 

3.14 
3.14 

2.50 
3.00 

3.20 
3.26 

16.1750 

3.113 

.70 
.  75 

1.7452 
1.9395 

2.980 
2.986 

3.14 
3.14 

3.50 
4.00 

3.  31 
3.36 

25. 1200 

3. 140 

.80 

2.1408 

2.992 

3. 15 

Aside  from  Blackwell's  experiments  the  Francis  formula  for  tJie 
Merrimac  dam  was  until  recently  the  only  one  available  for  a  large 
dam  of  in'egular  section,  and  for  want  of  more  appropriate  data  it  has 
been  used  for  the  calculation  of  discharge  over  many  forms  of  weirs 
of  irregular  section,  and  in  spite  of  Francis's  explicit  caution,  it  has 
been  applied  where  the  heads  differed  widely  from  those  used  in  the 
original  experiments. 

Considering  the  limited  experiments  on  which  it  is  based,  Fi*ancis's 
Merrimac  dam  formula  gives  good  agreement  with  the  much  more 
extended  experiments  on  a  similar  section  made  at  Cornell  hydraulic 
laboratory. 
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FLOW  OVER  WEIRS  WITH   BROAD  CRESTS. 
THEORETICAL   FORMUI^A   OF   UNWIN   AND   FRIZELL.** 

Consider  a  weir  of  such  breadth  that  the  nappe  becomes  of  sensibly 
uniform  depth  in  the  portion  RC^  fig.  8,  the  upstream  corner  of  the 
weir  being  rounded  to  prevent  vertical  contraction  and  the  surface 
slightly  inclined  downstream  so  that  it  becomes  parallel  with  the 
surface  of  the  nappe  BC, 


Fig.  K.— Broad-tTCKti'd  weir. 


The  fall  causing  the  velocity  T^in  the  section  Z?6'is  II— d.  It  fol- 
lows that  if  V  is  the  mean  velocity  in  EC 

v^4'l(l{II-~(f)  Q=  Ldr=Zdy]2</{II-il) 

In  this  equation  (J^  is  0  when  ^/— 0  or  d—IL  There  must,  there- 
fore, be  an  intermediate  value  of  d  for  which  (^  will  be  a  maximum. 
Differentiating  we  find  for  the  condition  of  a  maximum, 


dd 
d 


/Wi.[v//-.f-Jj^,] 


Giving  H—d—^^  and  d=^  11^  or,  for  maxinunn  discharge,  one-third 

the  head  would  be  expended  in  producing  the  velocity  of  flow.     With 
this  value  of  d  the  expression  for  discharge  becomes 


or  if 


^>  T  jf 

(>  =  ^  ,     4'^gII^i):dU'3QLlU2gII 

Q=zmiLiP 


(58) 


In  this  formula  f rictional  resistance  has  been  neglected.  The  dis- 
charge given  is  the  maximum  for  the  conditions,  and  would  result  only 
if  the  stream  discharges  itself  in  accordance  with  the  ^'principle  of 
least  energy." 

Blackwell's  experiments,  given  elsewhere,  show  a  considerably 
larger  coefficient  for  weirs  3  feet  broad,  slightly  inclined  downward, 
than  for  those  with  horizontal  crests. 


a  Given  by  W.  C.  Un^vlu,  in  article  1  on  Hydrodynamics  in  Ency.  Brit.    Independently  derived  by 
J.  P.  Frizell.    Seehis'WaterPower,  pp.  198-200. 


Digitized  by  VjOOQIC 


WEIB8   WITH    BBOAD   CBE8T8. 


Ill 


Let  d=KII,  then  from  the  formula  first  given 
=K42g(X-K)LHi 


Cr- 


(59) 


The  theoretical  coefficient  C^  can  be  computed  from  this  equation  if 
J5f  has  been  determined  expo  rime  ntalh\ 

From  profiles  taken  in  connection  with  United  States  Deep  Water- 
ways experiments  at  C!ornelI  University  hydraulic  laboratory  in  1899 
the  following  values  of  D  and  d  for  broad-crested  weirs  have  been 
scaled  and  the  ratio  d  D  computed.  D  was  taken  4  feet  upstream 
from  the  upper  face  of  the  weir,  and  does  not  include  velocity  of 
approach  correction;  values  of  d^  and  d^  were  taken  at  the  lower-crest 
lip  and  center  of  crest,  respectively.  The  value  of  d^  at  center  of 
crest  has  been  used  in  the  computations. 

Fa/*i€«  of  D  and  d/or  Itroad-cresUd  weirs. 


i^~'~-^X 


B  -- 


Broad-crested  weir. 


.L_-, 


Broad-crested  weir. 


0.90 
1.15 
1.80 
2.60 
3.55 
5.15 

1.00 
1.32 
1.98 
2.85 
3.90 
4.65 


di 

0.52 

D 

.0. 35 

0.58 

.45 

.68 

.59 

.75 

1.14 

.63 

1.20 

1.75 

.67 

1.72 

2.52 

.71 

2.  20 

3.15 

.61 

.5r 

.35 

.50 

.53 

.70 

.50 

.75 

.98 

.50 

1.08 

1.70 

.60 

1.50 

2.50 

.64 

2.10 

3.10 

.61 

For  low  heads  a  sudden  drop  begins  near  the  upstream  crest  corner 
and  terminates  at  a  distance  1.5  to  2  I>  below  the  upstream  corner. 
From  this  point  to  within  a  distance  about  equal  to  D  from  the  down- 
stream crest  corner  the  surface  is  nearly  parallel  with  the  crest. 
If  the  width  of  crest  is  not  greater  than  2.5  to  3  />  the  nappe  passes 
over  the  broad  crest  in  a  continuous  surface  curve,  becoming  more 
nearly  convex  as  the  ratio  D  B  increases. 

For  low  heads  Cornell  experiment  13,  crest  6.56  feet  wide,  with 
romided  upstream  comer,  complies  very  well  with  the  theory  of  dis- 
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charge  in  accordance  of  the  principle  of  least  energy.     The  coeflScient 
computed  as  above  is 

6;  =  8.02X0.58571 -0.585 
=  8.02X0.585X0.6442 
=  3.02 

The  experimental  coefficient  with  head  corrected  for  velocity  of 
approach  is  2.82. 

The  following  additional  data  may  l)e  cited: 

Ti-autwine''  quotes  data  of  Elwood  Morris,  C.  E.,  for  Clegg's  dam. 
Cape  Fear  River,  North  Carolina.  Horizontal  crest  8.42  feet  wide, 
vertical  faces.  //=1.25  feet,  d  (throughout  central  portion  of  crest) 
=  0.50  foot,     d  77=0.40. 

Thos.  T.  Johnston*  gives  data  of  elaborate  profiles  of  the  nappe  for 
Desplaines  River  dam,  Illinois.  Horizontal  planed  stone  coping,  ver- 
tical downstream  fai*e;  upstream  face  batter,  1  2:1.  //=(). 587  foot. 
d—<).Z\b  to  0.307  foot  in  centml,  nearly  level  portion  at  distances  1.5 
to  4  feet  from  upstream  edge  of  crest.  Johnston  and  Cooley  deduce 
the  coefficient  6^=1.69  for  this  case. 

BLACKWELL's   experiments  on    DISCHARGE   OF  WATER  OVER  BROAD- 
CRESTED   WEIRS. 

Experiments  made  by  Thomas  E.  Blackwell,^  M.  Inst.  C.  E.,are  of 
interest  as  being  probably  the  first  recorded  for  weirs  with  broad  crests. 
The  discharge  was  volumetrically  measured,  and  the  conditions  were 
generally  favoiuble  to  accuracy.  The  experiments  were  made  on  a 
side  pond  of  the  Kennet  and  Avon  Canal,  106,200  square  feet  surface 
area,  closed  by  a  lock  at  each  end,  the  water  being  admitted  from  time 
to  time  as  required,  the  relation  between  area  of  reservoir  and  volume 
of  discharge  being  such  that  there  was  no  sensible  variation  in  water 
level  during  an  experiment. 

The  weir  was  constructed  in  a  dock  to  which  the  water  had  access 
through  an  irregularly  shaped  channel  40  feet  in  width,  cut  off  from 
the  main  pond  by  a  submerged  masonry  wall  9  feet  wide,  situated  25 
feet  upstream  from  the  weir,  having  its  top  18  inches  to  20  inches 
below  water  surface. 

The  water  level  in  the  pond  being  constant  when  outflow  took  place, 
the  weir,  which  had  a  crest  adjustable  in  a  vertical  plane,  was  set  with 
its  crest  level  at  the  depth  below  water  surface  desired  for  an  experi- 
ment, by  means  of  adjusting  screws  at  the  endspf  the  weir;  the  water 

aEngiDeers'  Pocket  Book. 

&  Johnston,  T.  T.,  and  Cooley,  E.  L.,  New  experimental  data  for  flow  over  a  broad-crest  dam:  Jour. 
Western  Soc.  Engre.,  vol.  1,  Jan.,  1896,  pp.  80-61. 

c Original  paper  before  Institution  of  Civil  Engineers  of  London,  reprinted  in  the  Journal  ol  the 
Franklin  Institute,  Philadelphia,  March  and  April,  1852. 
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was  then  allowed  to  waste  through  the  weir  until  a  uniform  regimen 
of  flow  was  established. 

A  gaging  tank  having  a  floor  of  brick  laid  in  cement,  with  plank 
sides,  and  449.39  cubic  feet  capacity,  was  erected  at  the  foot  of  the 
weir.  At  a  given  signal  the  lid  of  this  tank  was  raised,  the  time 
noted,  and  the  rate  of  filling  of  the  tank  recorded  by  several  observ- 
ers. Such  leakage  from  the  tank  as  occurred  was  separately  measured 
and  allowed  for.  There  was  no  correction  for  velocity  of  approach  or 
for  end  contractions. 

The  wind  was  so  slight  as  to  be  negligible,  except  during  one  series 
when  there  was  a  brisk  wind  blowing  downstream.  The  experimenter 
states  that  parallel  experiments  on  a  quiel  day  indicated  an  increase  of 
about  5  per  cent  in  discharge  due  to  this  wind. 

The  crest  of  the  thin-edged  weir  consisted  of  an  iron  plate  barely 
one-sixteenth  inch  thick.  A  square-top  plank  2  inches  thick  was 
attached  to  the  weir,  and  an  apron  of  deal  boards,  roughly  planed  so 
as  to  form  an  uninterrupted  continuation  downstream,  constituted  the 
wide-crested  weir  used  in  the  experiments. 

The  coefficient  C,  from  Blackwell's  experiments  has  been  worked 
out  and  is  given  in  the  following  table.     The  measured  depths  taken 
in  inches  have  also  been  reduced  to  feet. 
iBR  160—06 12 
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BUxckweWs  experiments  on  hroad-irested  vrirSj  Kennet  and  Avon  Canal^  England,  1850, 


Weir. 


IE 


.V 


Thin  plate,  10  feet 
long. 


1  0.0830. 104  O.Wy   4.32 

2  .167    .292  .535  4.29 

3  .'2.5     .4*29  .42M   3.43 

4  .333    .675  .437    3.50 
I        5;  .417    .935  .433   3.47 

8    .6671.691  .387   8.10 

9'  .7501.842  .353   2.83 


VII. 
i.=3feet. 


r*^ 


.083   .060  .311    2.49 

.167   .IW  .a5.5  2.85 

.250   .360  .359  2.88    ; 

.333I  .468  .303   2.43    I 

.6001.005'  .354   2.84 

.5831.2M  .3.')l'  2.82 

.7501.729  .332   2.66 


Serie«  VII,  average. , 2.71 


IX. 
£,=10  feet. 


Series  VUI-IX,  av- 
erage   


1'  .083    .070  .3<>3   2.91 

2    .167    .199  .364    2.92 

si  .250   .359  .35s   2.87 

4   .333   .443  .'287   2.30 

5I  .417    .743'  .344'  2.76  \ 

7|  .5831.222  .342   2.74 

8  .6671.426  .327*  2.62 

9  .7501.709  .328   2.63 


ItoJ    .073   .060   .311   2.49 


Weir. 


X. 

L=3  feet. 


XI. 

L-6  feet. 


XII. 
L= 10  feet. 


1 15 !  1  ;  ^- 1 


■i  s 


1,0.063  0.058  0.301 
67    .175   .321' 


.250 


I 

295;  .294 

431  .2791 

689  .319 

9471  .334 

162  .325 


.417 
.500 
.5831 
8'  .667  1.369!  .313' 


'n 


9   .7501.M2,  .317 


'! 


2.41 
2.57 
2.36 
2.24 
2.56 
2.68 
2.61 
2.51 
2.54 


Itolij  .093   .071 

3  .250 

4  .333, 


6    .500' 

7 


5831. 
.7501. 
.8831. 
1.0    ,2. 


329 

.328 

2.63 

511 

.331 

2.65 

963 

191 

.331 

2.6.5 

670 

895 

.310 

2.49 

495 

.311 

2.49 

1  .083 
2'  .167 
5'  .417 
6   .500 


049 
174 
,745 


.254   2.04 
.319!  2.  .56  , 
.a45  2.77  I 


.  167   .  181    .  330,  2. 66 


.530   .343 


6   .6001.028   .362 
sl  .6671.476  .3 


2.75 
2.90 
2.71 


Series  X,  XI,  XII,  av- 
erage   


972    .342|  2.74  1 

362   .312  2.50 

688   .324   2.60 


.6671 
.7501 
.8331.847   .308 


52.03 


2.48 


2.71 


2.43 


EAST   INDIAN    ENGINEERS'   FORMULA    FOR  BROAD-CRESTED  WEIRS.** 

This  formula  is 
Q=\  M'LH  ^~^gH,  or  if  V~2  </=8.()2,  Q=5.S5M'LB^=  C\LH^  (60) 

o 

Where  J/"' = coefficient  for  thin-edged  weir *= 0.654— 0.015", 

0.0251/(5+1) 


M'  =  M- 


B+1 


(61) 


aMullins,  Gen.  Joseph,  Irrigation  Manual,  Madras,  1890. 

^See  table  giving  valuer  of  M  and  equivalent  values  of  C,  p.  22. 
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Experimental  data  not  given.  This  formula  gives  values  of  M'  or 
C^  decreasing  as  breadth  of  crest  B  increases,  and  for  low  heads 
iDcreasing  to  a  maximum  for  a  head  of  about  1  foot,  then  slowly 
decreasing.     . 

The  formula  reduces  to 


For  ^=0 

//+0.975 


(62) 


which  differs  by  the  ratio  R  from  the  equivalent  value  of   (•  for  a 
thin-edged  weir. 

Vcdxuts  of  coefjhcieni  C,  of  discharge  oivr  a  hroad-r rented  weir  and  of  i?,  lh€  ratio  of  the 
former  to  C  the  roejfficieiU  of  discharge  over  a  thin-edged  weir,  by  Mnllhis'^  formula. 


feet.\ 

Ifoot. 

2  feet. 

3  feet. 

4  feet. 

VT 

Cx 

R 

Cx 

R 
0.95 

Cx 

R 
0.938 

Cx 

1 

0.975  1 

3.359 

0.962 

8.316 

3.319 

3.230 

2 

.983 

3.335 

.975 

3.307 

.967 

8.279 

.958 

3.251 

3 

'.988 

8.296 

.981 

3.275 

.975 

3.255 

.969 

3.234 

4 

.990 

3.253 

.985 

3.237 

.98 

3.220 

.975 

3.2M 

5 

.992  1 

3.20i 

.988 

3.191 

.988 

8.177 

.979 

3.164 

6 

.993 

8.155 

.989 

8.144 

.986 

3.132 

.982 

3.121 

7 

.994 

3.104 

.991 

3.096 

.988 

3.085 

.984 

3.075 

8 

.9»1 

3.054 

.992 

3.045 

.989 

3.037 

.986 

3.028 

9 

.996  1 

3.003 

.992 

2.995 

.99 

2.98H 

.988 

3.042 

10 

.995 

2.960 

.998 

2.944 

.991 

2.937 

eet. 
Cx 
3.100 

.989 
8f, 

0.888 

2.930 

feetN, 

5  feet. 

6f< 

eet. 

""^77 
0.9 

iet. 

0.926  ' 

Cx 
3.182 

R 

~'c7~ 

Cx 

1 

0.912 

3.144 

3.067 

2 

.95 

3.22 

.942 

8.194 

.933 

3.166 

.925 

3.138 

3 

.962. 

3.213 

.956 

8.192 

.96 

3.171 

.944 

3.160 

4 

.97    ' 

3.193 

.965 

3.171 

.96 

3.154 

.955 

3.138 

5 

.975  ' 

8.149 

.971 

3.137 

.967 

3.123 

.962* 

3.110 

6 

.978 

3.11 

.975 

3.098 

.971 

3.080 

.968 

3.076 

7 

.981 

3.06 

.978 

3.057 

.975 

8.046 

.972 

3.086 

8 

.983  ' 

3.017 

.980 

3.012 

.977 

2.999 

.975 

2.994 

9 

.985  , 

2.97 

.982 

2.966 

.98 

3.019 

.978 

2.950 

10 

.986  1 

2.92 

.984 


2.916 

.982 

2.910 

.979 

2.098 

The  values  of  C^  given  in  the  above  table  have  been  deduced  from 
the  corresponding  values  of  C  for  a  thin-edged  weir  by  Mullins's 
formula.  The  ratio  ^'may,  if  desired,  be  applied  approximately  to 
correct  values  of  (7  derived  from  other  standard  weir  formulas. 
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iTELEY   AND   STEARNS   EXPERIMENTS   ON    HROAD-CRESTED   WEIRS.** 

The  formula  of  Ft^ley  and  Stearns  is  based  on  live  series  of  experi- 
ments made  in  the  Sudbin-y  River  conduit,  Boston,  1877,  on  weirs  2,  3, 
4,  H,  and  li)  inches  wide,  respect ivel}'.  Suppressed  weirs  5  feet  long 
were  used,  the  depths  beinj^  as  follows: 


Ft f ley  and  Steams  erperimmttf. 

1  Width  of 

Xumber 

RanKiM)f  depth  obnerved 
on  broad  vrvnts,  in  feet. 

1  t-rest,  in 
int'hw. 

of  experi- 
ments. 

7 

From — 
0.1158 

To- 

2 

0.2926     1 

8 

!>1 

.  1S07 

.  4619 

4 

25 

.  1818 

.6484 

6 

22 

.  1820 

.  8075 

10 

17 

.  i:«2 

.8941 

The  results  are  given  by  the  authors  in  the  form  of  a  table  of  cor- 
rections to  be  added  algebraically  to  the  measured  head  for  the  broad- 
crested  weir  to  obtain  the  head  on  a  thin-edged  weir  that  would  give 
the  same  discharge. 

Fteley  and  Stearns's  correction  c  ma}^  be  found  approximately  from 
the  formula 

c=0.2Ol6V[(078()7"i5-//)«+0.2146ir|-0.l876^  .    .     (63) 

or  if  *=0.2016,  //i=0. 1876,/^  =0.2146,  ('^^ 0.807,  then 

Q=CL[H-mB+k>!{OB--Tiy+riB''^     .     .     .     (64) 
If  the  head  on  a  broad-crested  weir  is  H^  the  discharge  will  l>e 

Q=CL{II+c)^ (65) 

^^  being  the  coefficient  of  discharge  for  thin-edged  weirs. 
If  (\  is  the  coefficient  for  the  broad  weir,  then  we  may  also  write 


Hence 


C-\    IT  J 


(66) 


From  formula  (66)  have  been  calculated  Fteley  and  Stearns's  coeffi- 
cients for  weirs  with  nappe  adhering  to  crest  for  use  in  the  formula 


a  Fteley  and  Steams,  Experiments  on  the  flow  of  water,  etc.;  Trans.  Am.  Soc.  C.  E.,  vol.  12,  pp.  86-96. 
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correction  for  velocity  of  approach  being  made  bv  adding  1.5  ~    to  the 
measured  head  to  obtain  If/* 

Values  of  the  ratio    .  J  of  the  coefficient  of  discharge  for  a  broad-crested  veir^  hy  Ftelty 
and  Steams* s  experiments,  to  that  for  a  thin-edged  veir. 


H 


Width  of  crest,  in  inches. 
4  6(8  10       I         12 


0.0  . 

^ 

.1 

0.7466 

0.74798 

0. 7562 

0. 7589 

0.7576 

0. 7576 

.2  1 

.8284 

.7878 

.7740 

.7679 

.7ft44 

.  7624 

.3 

.9172 

.8524 

.8008 

.7809 

.7727 

.7685 

.4 

.9963 

.9201 

.8353 

.8003 

.7850 

.7768 

.5  . 

.9806 

.8781 

.8255 

.8003 

.7865 

.6  . 

1.0080 

.9280 

.8567 

.H199 

.79«9 

.7 

.9391 
.9997 

.8911 
.9246 

.M24 
.8695 

.8150 

.8  . 

.8339 

.9  1. 



1.0317 

.9663 

.8983 

.  8.552 

1.0  1. 

1.1  . 

.9835 
1.0090 

.9406 
.9608 

.8824 

.9027 

1.2  . 

1.3  . 

1.0317 
1.0499 

.9732 
.9^M 

.9252 

.9466 

1.4  . 

1.6  t. 

1 

1.0148 
1.0317 

.9657 

.9850 

1 

BAZIN  S   FORMULA   AND   EXPERIMENT8   ON    BROAD-CRESTED   WEIRS. 

These  included  series  of  about  20  periods  each  for  depths  not 
exceeding  1.4  feet  on  weirs  of  ().1«4,  0.328,  0.656,  1.315,  2.62,  and 

6.56  feet  breadth  of  crest.  The  coefficientti  in  the  formula  Q—  C^LII% 
deduced  from  a  recoraputation  of  the  experiments  on  weirs  2.46  feet 
high,  using  the  Francis  velo(*itv  of  approach  correction,  is  given 
on  PI.  IV. 

Other  experiments  were  made  for  the  four  narrower  weirs  with 
heights  1.148  and  1.64  feet,  to  determine  the  comparative  velocity  of 
approach  effect. 

Bazin  shows  that  if  the  nappe  is  free  from  the  dowastream  face  of 
the  weir  it  may  assume  two  forms:  (1)  It  may  adhere  to  the  horizontal 
crest  surface;  (2)  it  may  become  detat^hed  at  the  upstream  edge  in 
such  a  manner  as  to  flow  over  the  crest  without  touching  the 
downstream  edge.  In  the  second  case  the  influence  of  the  flat  crest 
evidently  disappears  and  the  dis<»harge  is  like  that  over  a  thin-edged 
weir.  The  nappe  usually  assumes  this  form  when  the  depth  1)  exceeds 
twice  the  breadth  of  crest  Zf,  but  it  may  occur  whenever  the  depth 
exceeds  \B,  Between  these  limits  the  nappe  is  in  a  state  of  insta- 
bility; it  tends  to  detach  itself  from  the  crest,  and  may  do  so  under  the 

aFteley  and  Stearns's  formula  for  a  thin-edged  weir  hax  been  used  to  ealeulat^  Q  in  deriving  these 
ooefHcients,  the  experiments  having  been  made  under  eonditionH  similar  to  those  under  which  their 
formula  was  derived. 
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influence  of  any  external  disturbance,  as,  for  example,  the  entrance  of 
air  or  the  passage  of  a  floating  object  over  the  weir. 

When  the  nappe  adheres  to  the  crest,  the  coefficient  6j  depends 
chiefly  on  the  ratio  D  B  and  may  be  represented  b}^  the  formula 

6;:=6'(i).7i>+0.185i>J?) (67) 

in  which  C  is  the  coefficient  for  a  thin-edged  weir. 

When  D  B=1.50  to  2,  (\  6^=0.98  to  1.07  if  the  nappe  adheres  to 
crest,  or  C;  ^ -1.00  if  nappe  is  detached,  and  for  J)  B>2,  C\:  (7=1.00. 
Between  the  limits  D—\,^B  and  D—'lB  the  value  which  the  coeffi- 
cient C^  will  assume  in  a  particular  case  is  uncertain.  Bazin  considers 
that  his  formula  gives  accurate  results  for  adhering  nappes  with 
breadth  of  crests  up  to  2  or  3  feet.  For  a  crest  0.56  feet  wide  and 
i>=  1.476  feet  he  finds  the  result  by  formula  (67)  93.4  per  c^nt  of 
that  given  directly  by  the  experiment. 

ValtLeH  of  the  ratio  CJCy  for  a  hroad-crested  weir^  vnlh  adhering  nappe^  by  Bazin^s 

formula.<^ 


DIB 

0.0 

.1 

.2 
.3 
.4 

.5 

.6 

.  7 

.8 

.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 


0 

0.01 

0.02 

0.03 

0.703 

0. 7018 

0.7037 

0.7056 

.71H5 

.7204 

.7222 

.7240 

.7370 

.7388 

.7407 

.7426 

.7656 

.7574 

.7592 

.7610 

.7740 

.7758 

.7777 

.7796 

.7925 

.  7944 

.7962 

.7980 

.8110 

.8128 

.8147 

.8166 

.8296 

.8314 

.8332 

.8350 

.8480 

.8498 

.8517 

.8636 

.8665 

.8684 

.8702 

.8720 

.8850 

.8868 

.8887 

.8906 

.9035 

.90M 

.9072 

.9090 

.9220 

.9238 

.9257 

.9276 

.9405 

.9424 

.9442 

.^460 

.9590  1 

.9608 

.9627 

.9<'>46 

.9775  1 

.9794 

.9812 

.9830 

C,/r-0.700+0.185  DIB. 
0.04 


0.06        0.06 


0.7074 
.7259 
.7444 
.7629 
.7814 
.7999 
.8184 
.8369 
.8554 
.8739 
.8924 
.9109 
.9294 
.W79 
.9664 
.9849 


0.7092 
.7278 
.7462  , 
.7648 
.7832 
.8018  j 
.8202  I 
.8388 
.8572  I 
.8758 
.8942 
.9128 
.9312  i 
.9498 
.9682  I 
.98(W 


0.7111 
.7296 
.7481 
.7666 
.7851 
.8036 
.8221 
.8406 
.8691 
.8776 
.8961 
.9146 
.9331 
.9516 
.9701 
.9886 


0.07  I  O.G 


0.7130 


0.7148  0.7166 


.7314 

.  7500  .  7518 

.7684  .7703 

.7870  j  .7888 

.8064  .8073 


.7333  .7352 
.7536 
.7722 
.7906 
.8092 
.8240  I  .8258  '  .8276 


.8424 
.8610 
.8794 
.8980 
.9164 
.9350 
.9534 
.9719 
.9904 


.8443 


.8813 


.me2 

.8646 
.8832 


.8998  '  .9016 
.9183  .9202 


.9563 
.9738 
.9923 


.a572 
.9756 
.9942 


«If  there  is  velocity  of  approach,  the  value  of  DIB,  not  HIB,  should 
ratio  (\IC  mAy  be  applied  in  a  formula  which  includes  the  velocity  of 
the  head  Hot  in  the  coefficient. 


be  used  as  an  argument.    The 
approach  correction,  either  In 


Bazin's  formula  gives  ratios  which  continually  increase  as  77 
increases,  B  remaining  constant,  and  which  continually  decrease  as 
B  increases,  //  remaining  constant.  It  gives,  however,  a  constant 
ratio  for  all  widths  or  heads  where  the  ratio  7/  B  is  unchanged. 

Compared  with  their  respective  standard  weir  formulas,  MuUins's 
formula  gives  for  a  broad-crested  weir  a  continuously  decreasing  ratio 
of  discharge  as  B  increases  from  zero,  1/  remaining  constant,  and  a 
continuously  increasing  discharge  as  77  increases  from  zero,  B  remain- 
ing constant;  Fteley  and  Stearns's  experiments  give  a  discharge  ratio 
which  is  less  than  unity,  but  which  varies  in  an  irregular  manner, 
depending  on  the  head  and  breadth  of  weir.  >  , 
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On  referring  to  PI.  IV,  in  which  the  Bazin  coefficients  are  given  in  a 
form  comparable  with  the  experiments  of  the  United  States  Geological 
Survey,  it  will  be  noticed  that,  except  for  the  lowest  heads,  the  coeffi- 
cient curves  are  simple  linear  functions  of  the  head.  The  rate  of 
increase  of  the  coefficients  as  the  head  increases  grows  rapidly  less 
as  the  breadth  of  the  weir  increases,  indicating  that  for  a  very  broad 
weir  the  coefficient  would  be  sensibly  constant  throughout  the  i^ange 
of  stability  of  the  nappe. 

For  the  narrower  weirs  the  coefficients  tend  to  increase  rapidly 
almost  from  the  start  toward  the  value  for  a  thin-edged  weir  or 
detached  nappe.  For  the  weirs  2.62  and  6.56  feet  breadth  of  crest 
the  total  variation  in  the  coefficient  for  the  range  of  heads  covered  by 
the  experiments  is  comparatively  small.  The  average  coefficients  are 
as  foUows: 

Average  Bazin  coefficients^  broad-crested  weirs. 


Bazin  series 
No. 

Crest  width, 
in  feet. 

Range  of  head,  in  feet. 

Average  con- 
stant coeffi- 
cient, Cx. 

From— 

To- 
0.60 

113 

1.312 

Lowest. 

2.64 

114 

2.624 

0.35 

r          .85 
I         1.32 

2.59 
2.62 

116 

6.56 

.55 

Highest. 

«2.58 

a  Coefficient  increases  slowly  throughout. 

The  average  coefficients  show  a  fair  agreement  with  the  constant 
coefficient  for  broad-crested  weirs  with  stable  nappe  deduced  from  the 
experiments  of  the  United  States  Geological  Survey  (page  120). 

KXPERIMENT8  OF  THE  UNITED  STATES  GEOLOGICAL  SURVEY  ON  BROAD- 
CRESTED   WEIRS. 

The  method  of  conducting  these  experiments  and  the  detailed  results 
are  given  on  pages  95-107.  The  coefficient  curves  are  presented  on  Pis. 
XXVIII  to  XXXII.  It  may  be  remarked  hei'e  that  the  models  were 
larger  and  the  range  of  breadth  of  crest  and  depth  of  flow  experi- 
mented upon  was  greater  than  in  the  earlier  experiments  described. 
In  general,  the  laws  of  behavior  of  the  nappe  pointed  out  by  Fteley 
and  Stearns  and  Bazin  were  confirmed. 
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The  following  table  presents  a  r^sum^  of  the  results: 

Resume  of  United  States  Geological  Survey  erperimetits  oh  broad-crested  weirs. 


Series. 


40 
47 
41 


Nappe 

un-     I  Nappe 
,  stable  ,     de- 
xi.»<>/i»i^       '<>r      tached 
^r!.*^?  !  head.  |  from 
less     t   crest 
than    '      at 
values  ;  head, 
below,   in  feet, 
in  feel. 


Coefficient  Cj  varies  between 
the  limits- 


Coefficient 
constant 


Head,  in  feet.       Coefficient. 


of  crest, 
in  feel. 


0.479 
.927 
1.646 


0.3  I 
.3  I 


0.8 
1.8 
2.8 


46 

3.174 

.5  

46 

5.875  1 

.5  ' 

44 

8.980 

.5  

42  1 

12.239  !.. 

! 

1 

43 

16.802  i.. 

48n 

1 
16.302 

.4  

tYom- 


.7 

.5  1 
.5  , 
.5  i 


To— 


0.8 
1.8 
2.8 
1.3 
.9 
2.0 


1.1 
1.0 


From— 


Above 

I  head. 

To—     in  feet. 


8.32  I 

3.31  I 

3.32  ! 
2.64 
2.64 
2.62 

2.64 


If    2.72  II 
I     2.63    I 


2.72  I 

2.63 

2.64  1 


0.8 
1.8 
2.8 
1.3 
.9 
2.0 


1.1 
1.0 


Average. 


8.32 
3.31 
3.32 
Increases] 
2.64    i 
2.62 

"2.64 

b2.68 
2.64     , 


2.634 


a  Coefficient  shows  tendency  to  increase  slowly  with  head. 

b  Edges  of  planed  and  matched  boards  not  flush.    Crest  smoothed  in  series  48a. 

The  deductions  that  follow  have  been  based  on  a  considemtion  of 
earlier  experiments  as  well  as  those  here  given  for  the  first  time. 

1.  For  depths  below  0.3  to  0.6  foot  the  nappe  is  very  unstable, 
owing  probably  to  magnified  effect  of  crest  friction  and  to  the  varying 
aeration  or  adhesion  of  the  nappe  to  the  downstream  weir  face. 

2.  For  heads  from  0.5  foot  to  1  or  2  feet  for  very  broad  weirs,  or 
from  0.5  foot  to  the  point  of  detachment  for  narrower  weirs,  the 
coefficient  is  somewhat  variable  and  changes  in  an  uncertain  manner. 
For  the  broader  weirs,  the  range  of  variation  of  C\  between  the  depths 
indicated  is  narrow,  from  2.73  to  2.62. 

3.  When  the  nappe  becomes  detached  the  coefficient  remains  nearly 
identical  with  that  for  a  thin-edged  weir.  For  the  narrower  weirs  the 
coefficient  increases  rapidly  within  the  range  of  tendency  to  detach- 
ment indicated  by  Bazin,  i.  e.,  for  heads  between  D  and  2D. 

4.  On  the  broader  weirs  for  depths  exceeding  1  to  2  feet  up  to  the 
limit  of  the  experiments  (about  5  feet),  the  experiments  indicate  a  sen- 
sibly constant  coefficient  for  all  depths.  Where  there  is  any  tendenc3^ 
to  variation  within  the  range  indicated  there  is  a  gradual  increase 
in  C,. 

For  weirs  of  5  to  16  feet  breadth  the  experiments  show  no  conspicu- 
ous tendency  for  the  coefficient  C^  to  change  with  variation  in  either 
//or  B^  the  range  of  value  of  C\  being  from  2.62  to  2.64. 

The  line  of  detachment  of  the  nappe  for  a  weir  of  5  feet  breadth 
would  be  7.5  to  10  feet  head  or  perhaps  more,  and  a  higher  head  for 
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broader  crests.  If  this  depth  were  ever  reached  it  may  be  surmised 
that  the  coeflScient  C^  would  increase  to  about  3.33  at  the  point  of 
detachment.  It  would  also  appear,  as  is  in  fact  indicated  in  Bazin^s 
formula,  that  the  coefficient  should  very  slowly  increase  with  H  and 
decrease  as  B  increases,  independent  of  the  tendency  to  detachment 
of  the  nappe,  and  owing  to  the  decreased  relative  effect  of  crest  fric- 
tion and  contraction. 

The  United  States  Geological  Survey  experiments  indicate  that  this 
effect  is  of  relatively  little  significance  for  large  heads  and  broad  weirs, 
and  hence  a  constant  coefficient  covering  a  wide  range  may  be  safely 
adopted. 

The  average  coefficient,  2.64,  which  we  have  tentatively  chosen  for 
weirs  exceeding  3  feet  in  breadth  under  heads  exceeding  2  feet,  may 
apparently  be  applied  for  considerably  lower  heads  for  weirs  of  5  feet 
or  more  crest  breadth  with  but  small  error. 

TABLE  OF  DISCHARGE  OVER  BROAD-CRESTED  WEIRS  WITH  STABLE  NAPPE. 

A  table  has  been  calculated,  using  /7,=2.64  and  covering  heads  vary- 
ing by  0.1  foot  increment  from  zero  to  10  feet  (p.  177).  It  is  consid- 
ered applicable  for  weirs  of  3  feet  or  more  crest  breadth  when  II:  B 
lies  between  the  general  limits  0.25  to  1.5.  The  coefficient  2.p4  gives 
a  discharge  79.2  per  cent  of  that  for  a  thin-edged  weir  by  the  Francis 
foiTDula.  The  relative  discharge  obtained  by  other  formulas  and 
experimenters  is  shown  in  the  following  table: 

Camparmm  of  bron/f-creMed  tmr  formulas  and  experiment  girhrj  perrentnge  of 
discharge  orer  a  thin-edged  weir." 


1  foot  width. 


2.62  feet  width. 


e./Jd  feet  width. 


Fonnnla  or  expc»riments. 


Malllnsfc 

Fteley  and  Steams 

Bazin  formula 

r.  S.  Deep  Waterway!  ex- 
periments  

U.  S.  Geological  Survey  ex- 
periments  


=0.5 
0.5 

%  7 

1.0 
1.0 

97.5 

88.2 
88.5 

1.5 
-1.5    1 

98.0 
98.5 
97.8 

1 

0.5 
1.31 

1.0 
2.62 

1.5 
3.98 

0. 25 
1.64 

93.2 

0.5 
3.28 

95. 5 

1.0 
6.56 

97.5 

1.5 

9.W" 

98.2 

78  6 

79.2 

79.2 

88.5 

97.8 

74.6 

79.2 

88.5 

97.8 

_    . 

82.8       93.3     114.1      72.0       71.1  |     72.3 


81.0     90.3     97.5  :r79.5Jc81.3  |<'86.7     79.2    rf79.2    ''79.2    ^79.2 


«  No  velocity  of  approach. 

6  East  Indian  en^neero'  formula,  iriven  in  Mullins'n  Irrigation  Manual,  Madm.«<  Prefddeney. 

^Weiril?  feet  broad. 

rfWeir  5.88  feet  broad. 

Considering  the  low  heads  used,  it  may  be  noted  that  before  Bazin's 
experiments  only  those  of  Blackwell  included  a  weir  breadth  sufficient 
to  eliminate  the  early  tendency  to  detachment  and  permit  the  existence 
of  the  stable  period  for  which  a  constant  coefficient  applies. 
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BlackwelFs  experiments  on  weirs  8  feet  broad  indicate  a  maximum 
coeflScient  C^  of  2.65  to  2.77  for  a  head  of  about  0.5  foot,  decreasing  as 
the  head  increased. 

The  experiments  of  the  United  States  Deep  Waterways  Board  on 
models  with  2.02  and  6.56  foot  crest  width  are  shown  on  PI.  XV^.  For 
the  narrower  weir  the  coeflScient  increased  uniformly  with  the  head. 
The  nappe  did  not  leave  the  crest,  although  the  experiments  were 
continued  to  the  limit  // J?=2,  at  which  stage  the  coefficient  exceeded 
that  for  a.  thin-edged  weir.  For  the  broader  weir  the  coefficients  are 
much  less  variable  and  the  curves  indicate  that  the  coefficients  approach 
a  constant  as  the  breadth  of  crest  is  increased. 

It  will  be  noted  that  considerable  care  must  be  exercised  in  deter- 
mining the  condition  of  the  nappe  for  broad-cfested  weirs  of  incon- 
siderable width,  while  for  those  of  greater  breadth  the  wind  may  exert 
considerable  influence  on  the  nappe  on  the  broad  crest  under  lower 
heads.  The  constant  coefficient  2.64  has  been  deduced  from  experi- 
ments on  Weil's  with  smooth,  planed  crests  and  sharp  upstream  crest 
angles.  The  effect  of  crest  roughness  on  weir  discharge  is  discussed 
on  page  138. 

EFFECT  OF  ROUNDING  UPSTREAM  CREST  EDGE. 

Experiments  by  Fteley  and  Stearns^  indicate  that  the  effect  of 
rounding  the  upstream  crest  corner  is  to  virtually  lower  the  weir,  by 
allowing  the  water  to  pass  over  with  less  vertical  contraction.  To 
determine  the  discharge  over  a  thin -edged  weir,  with  upstream  crest 
comer  rounded  to  a  radius  R^  add  to  the  measured  head  the  quantity 

K^oriOR (68) 

The  above  formula  was  deduced  by  Fteley  and  Stearns  from  experi- 
ments on  weirs  with  crest  radii  of  one-fourth,  one-half,  and  1  inch. 
For  heads  not  exceeding  0.17,  0.26,  and  0.45  foot,  respectively,  the 
nappe  adhered  to  the  crest,  and  the  formula  does  not  apply. 

The  correction  formula  (68)  is  equivalent  to  increasing  the  dis- 
charge coefficient  in  the  ratio 


or  nearly  in  the  ratio 


///+0.7^\^ 

H+R 

H    ' 


A  second  series  of  experiments  was  made  with  rounded  upstream 
edges  of  similar  radii  applied  to  a  crest  4  inches  wide,  giving  the  cor- 
rection formula  for  this  case, 

ir=OAlR (69) 

aExporimenls  on  the  flow  of  water,  etc.:  Trans.  Am.  8oc.  C.  E.,  vol.  12,  pp.  97-101. 
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where  ^  is  a  correction  to  be  added  to  the  measured  head  before 
applying  the  formula  for  discharge  over  the  broad-crested  weir.  This 
formula  is  applicable  for  depths  of  not  less  than  0.17  and  0.26  foot, 
respectively,  on  weirs  with  radii  of  one-fourth  and  one-half  inch. 
Fteley  and  Stearns's  formulas  show  the  effect  to  decrease  with  the 
breadth  of  crest.  It  also  decreases,  when  expressed  as  a  percentage, 
with  the  head.  These  formulas  are  probably  applicable  to  weirs  with 
smaller,  though  not  to  those  with  greatly  larger,  radii  than  those  of  the 
experimental  weirs. 

Bazin  experimented  upon  two  weirs,  duplicated  in  the  United  States 
Deep  Waterways  experiments,  having  crest  widths  of  2.624  and  6.56 
feet,  respectively,  with  an  upstream  crest  radius  of  0.328  foot  (PI. 
IV). 

Broad-crested  weirs  with  rounded  upstream  comer. 


Head,  in 
feet. 

(Coefficient  Ci,  Bazin's  experiments. 

Cre«t  width 

2.62  feet. 

Crest  width,  6.56  feet. 

WiOi  angle 
creet. 

With  round- 
ed crest. 

With  angle  >  With  round- 
crest.       1    ed  crest. 

0.25 

2.52 

2.85 

2.40             2.58 

.60 

2.59 

2.95 

2.515           2.76 

1.00 

2.64 

3.00 

2.575           2.89 

1.50 
1.50 

2.69 

3.04 

2.635  ,        2.92 

Coefficient  Ci,  United  States  Deep  Waterwaj-s  experi- 
ments. 

2.67 

2.92 

2.39 

2.81 

2.00 

2.75 

3.00 

2.41 

2.81 

3.00 

2.93 

3.17 

2.44 

2.81 

4.00 

3.11 

3.34 

2.47 

2.81 

5.00 

3.30 

3.51 

2.50 

2.81 

6.00 

Nappe  free. 

3.00 

2.53 

2.81 

United  States  Deep  Waterways  series  14  and  15,  PI.  XV,  show  the 
effect  of  rounding  the  upstream  crest  corner,  radius  0.33  foot,  on  a 
model  of  the  Kexford  flats,  New  York,  dam.  In  this  case,  with  a 
weir  22  feet  broad  with  6:1  slope  on  each  face,  the  effect  of  rounding 
becomes  comparatively  slight,  the  average  increase  being  about  2 
per  cent. 

United  States  Geological  Survey  experiments,  series  Nos.  XXXV 
and  XXXVI,  PI.  XXVI,  show  the  effect  of  the  addition  of  a  4-inch 
radius  (0.38  foot),  quarter-round  extension  to  the  upstream  face  of  the 
model  of  an  ogee-section  dam,  having  4.5  feet  crest  width,  4.6 :1  slope. 
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Effert  of  rounded  upstream  crest  comer  on  an  ogee  dam. 


Head,  in  ' 
ftt'i.      I 


0.50 
1.00 
2.00 
3.00 


('hambly 

model. 

series  36. 


8,18 
3.  42 


Same,  with 
nninded  up- 
stream erest 
comer. 


3.  2.? 

3.:« 

3.51 
3.(>4 


Difference 
per  cent  of 
Francis's 
coefRcient.     | 


-i-1.5 
-1.2 

4-2.7 
-  4. 5 


EXPERIMENTS  ON  WEIRS  WITH  DOWNSTREAM  SLOPE,  OR  APRON, 
OF  VARYING  INCLINATION. 

Aside  from  the  experiments  of  Blackwell  on  weirs  with  very  slight 
inclination  and  a  few  series  by  other  experimenters  on  weirs  of  irreg- 
ular section  involving  aprons,  the  data  on  this  subject  are  limited  to 
those  of  Bazin's  experiments. 

Bazin  selected  a  number  of  weir  types,  each  having  a  constant  top 
width,  height,  and  upstream  inclination  and  applied  to  each  a  number 
of  different  downstream  slopes.'' 

V 

TRIANGULAR    WEIRS    WITH     VERTICAL    UPSTREAM     FACE     AND    SLOPING 

APRONS. 

Such  weirs  are  occasionally  used,  as  where  the  apron  slopes  to  the 
stream  bed  in  log  slides.  A  similar  form  in  which  the  downstream 
slope  terminates  at  a  greater  or  less  distance  from  the  vertical  upstream 
face  is  not  uncommon,  and  to  this  form  the  Bazin  experiments  may 
probably  be  applied,  provided  the  breadth  of  the  sloping  apron  is  con- 
siderable. The  experiments  are  of  special  interest,  however,  as  show- 
ing the  effect  of  attaching  a  sloping  apron  to  the  dowastream  face  of 
a  thin-edged  weir,  and  by  inference  affording  an  indication  of  the  effect 
of  a  similar  apron  attached  to  any  form  of  cross  section.  The  results 
of  Bazin's  experiments  recomputed  on  the  basis  of  the  Francis  for- 
mula are  shown  on  PI.  V. 

Four  series  of  experiments  on  weirs  2.46  feet  high  are  included. 
For  all  these  series  the  coefficient  C  tends  to  remain  nearly  constant 
for  the  range  of  heads  covered,  0.2  foot  to  1.5  feet,  there  being  a  slight 
increase  in  C  with  the  lower  heads  only. 

Two  series  on  weirs  1.64  feet  high  are  also  giv^n.  In  series  145, 
slope  of  apron  3 : 1,  there  is  a  general  increase  in  coefficient  with  head 
below  0.9  foot.  Series  188,  for  a  weir  1.64  feet  high,  is  duplicated  on 
a  weir  2.46  feet  high,  and  the  latter  series  is  given  preference  in  the 
general  curve.  The  lower  weirs  indicate  in  both  cases  slightly  higher 
coefficients,  possibly  owing  to  the  incomplete  elimination  of  the  effect 
of  excessive  velocity  of  approach. 

a  Bazin  did  not  attempt  to  collate  the  results  extensively.    Hlh  general  rC-sum^  has  been  translated 

by  the  writer,  and  fnay  lx»  found  In  Kept.  II.  8.  Board  of  Engineers  on  Deep  Waterways,  pt.  2, 1900, 

pp.  646-668.  ^      ,  w  ».  ,.i^ 
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The  average  constant  coefficients  for  the  several  series  are  shown  in 
the  following  table: 

Mean  coefficieiU^,  triangular  treirs  tmth  varying  apron  »loj>e. 


Range  of  head. 


Serif:*.    '   Height.   I     Slope. 


Kangitof  ('. 


Fn»m— 


136 
137 
138 
146 
141 
142 


2.46 

1  :1 

0.3 

1.40 

3.H4 

3.88 

2.46 

2:1 

.3 

1.6 

3.48 

3.52 

l.(W 

2:1 

.  7 

1.5 

3.56 

3.58 

1.64 

3:1 

.9 

1.5 

3.39 

3.41 

2.46 

5:1 

.6 

1.5 

3.08 

3.14 

2.46 

10:1 

.75 

1.5 

2.90 

2.93 

Average  ('. 

3.85 
3.50 
3.57 
3.40 
3.13 
2.91 


3.9 

_\ 

X 

"^ 

1 — 

▲  Weirs  L64  ft. high. 

O     *>       2.46  "      "                               . 

3.8 

\ 

\ 

[\\ 

3.7 

■^-H 

^ 

3. 6 

\ 

\^^ 

. 

J 

i 

\ 

"^\^ 

K 

^nrm  of  t»:eat'rimfi>r7ta/  w^r 

A.  o 

( 

\ 

^    S.4 

• 

— ^ 

V  , 

\ 

£ 

V 

%   3.3 

\ 

s. 

\ 

d.  £ 

\ 

s. 

N 

"s 

"v 

< 

-  5«5r 

8.  0 

^ 

^ 

2.9 

"^ 

■^ 

\^^ 

"^ 

^ 

.^ 

2.8 

1"" 

i" 

4 

5 

6 

8 

y 

1 

u 

11 

12 

Slope  or  batter  of  downstream  face  of  weirs. 
Fio.  9. — CoefHcient  curve  for  triangular  weii>i. 

The  meaii  coefficients  have  also  been  plotted  on  fig.  9  and  a  general 
curve  drawn.  This  curve  becomes  approximately  a  straight  line  when 
plotted  on  logarithmic  cross-section  paper.  Its  equation  expressed  in 
logarithmic  form  is 

^  00.14 

where  S  is  the  batter  or  slope  of  apron. 


(70) 
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If  >iS'=6,  then,  solving  by  logarithms, 

log  6  =  0.7781513 
log  6^  "=0.0933782 

l«g  (.«..«  =9.9(m«218 

log  3. 85  =  0.5S54H07 
log  C=  0.4920825 
6^=3.105 

Fig.  9  gives  C  =  3.07;  the  differenee  is  I  per  cent. 
The  following  conclusions  deduced  from  the  recomputed  data  con- 
fonn  in  general  with  those  of  Bazin: 

1.  For  steep  apron  slopes  where  the  nappe  tends  to  break  free,  the 
apron  materially  increases  the  discharge  by  i)ennitting  a  partial 
vacuum  to  be  formed  underneath  the  nappe. 

2.  For  flat  apron  slopes  the  conditions  approach  those  for  a  hori- 
zontal cre^t. 

3.  For  an  apron  slope  of  alx)ut  3:1,  the  discharge  is  nearly  the  same 
as  for  a  thin-edged  weir. 

4.  For  slopes  greater  than  3  :1  the  apron  diminishes  the  discharge 
the  amount  of  diminution  increasing  as  the  slope  becomes  flatter. 

TRIANGULAR  WEIRS  WITH  UPSTREAM  BATTER  1:1  AND  VARYING  SLOPE 

OF  APRON. 

Three  series  of  experiments  by  Bazin  are  in<*luded  (PI.  IX),  all  made 
from  weirs  1.64  feet  high.  The  results  are  comparable  among  them- 
selves, but  owing  to  the  high  velocity  of  approach  their  general  appli- 
cabilitj^  is  less  certain. 

Series  No.  161,  downstream  slope  1:1,  shows  a  generally  decreasing 
coeflScient  with  an  apjmrent  tendency  to  become  constant  through  a 
narrow  range  of  heads,  from  0.5  to  0.9  foot,  with  (7=  about  4.11. 

Series  No.  163  and  165,  with  apron  slopes  of  2:1  and  5:1,  give  coeffi- 
cient lines,  which  may  be  fairly  represented  by  the  constants  3.82  and 
3.47,  respectively.  These  coefficients  compare  with  those  for  vertical 
weirs  with  the  same  apron  slopes  as  follows: 

Comparative  coefficients. 


Batter  of 
apron. 


1:1 
2:1 
5:1 


Vertical     Face  in- 
face.     .cllned  1:1 

C        I        r 


:i.85 
3.5:^ 

3.13 


4.11 
3.82 
3.47 


Difference, 
per  cent, 
Francis's 

ctH'flU'ient. 


-f  7.8 
+  8.7 
-1-10.2 
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EXPERIMENTS  ON  WEIRS  OF  TRAPEZOIDAL  SECTION  WITH  UPSTREAM 
SLOPE  OF  i:l,  HORIZONTAL  CREST,  AND  VARYING  DOWNSTREAM 
SLOPES. 

Five  series  of  Bazin's  experiments  on  weii-s  2.46  feet  high,  with 
crest  width  of  0.H6  foot,  are  shown  on  Pis.  VI  and  VII.  The  curves 
indicate  coefficients  increasing  with  the  head,  the  rate  of  increase  being 
more  rapid  for  the  steeper  apron  slopes.  There  is  a  tendency  to 
depression  at  about  0.4  foot  head,  representing,  possibly,  the  point  at 
which  the  nappe  changes  from  adhering  to  depressed  condition  on  the 
downstream  face.  The  curves  are  all  convex,  and  apparently  approach 
a  constant,  which  was  not,  however,  reached  within  the  limit  of  exj)eri- 
ment«,  except,  perhaps,  for  the  flattest  slope  of  5:1.  The  coefficients 
increase  In  value  a>j  the  steepness  of  the  apron  slope  increases. 

Three  series  of  experiments  on  weirs  similar  to  those  above  described, 
but  with  flat  crests  1.317  feet  wide,  are  shown  on  PI.  VIII.  The 
coefficient  curves  are  of  uncertain  form  for  heads  below  0.6  foot. 
For  greater  heads  they  may  be  represented  by  inclined  straight 
lines.  The  coefficients  increase  uniformly  with  the  head,  the  initial 
values  for  0.6  foot  head  being  nearly  the  same  for  the  several  slopes, 
the  increase  being  piore  rapid  for  the  steeper  downstream  slopes. 

It  may  be  seen  from  the  following  table  that  increased  width  of  the 
flat  crest,  as  compared  with  that  of  the  preceding  weir,  causes  a 
decrease  in  the  discharge. 

Comparative  coefficients  at  1-foot  head^  weirs  with  flat  crests  and  \:1  upstream  slope. 


Slope  of 

Crest  width,  in  feet. 

apron. 

0.66 

1.317 

1:1 

3.52 
3.38 
3.265 
3.205 
3. 195 

2:1 
3:1 

2.985 

4:1 
5:1 

2.94 

6:1 

2.93 

COMBINATION  OF   COEFFICIENTS  FOR  WEIRS  WITH   COMPOUND 

SLOPES. 

Series  163  for  an  apron  slope  2:1  represents  a  weir  form  which  would 
be  produced  by  placing,  vertical  face  to  vertical  face,  a  weir  with  back 
slope  1:1  and  a  weir  with  apron  slope  2:1.  For  the  former,  Bazin's 
experiments  indicate  10  per  cent  excess  discharge  over  that  for  a  thin- 
edged  weir,  and  for  the  latter  (from  PI.  V)  ^  —  3.50,  equivalent  to  5 
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per  cent  excess  over  a  thin-edged  weir.  If  the  discharge  over  the  1:1 
upstream  slo|>e  was  similarly  increased  by  the  addition  of  an  apron, 
C  would  be  3. 06 X  1.05  =  3.84.     PL  IX  indicates  6^=3.82. 

The  above  method  of  determining  the  coefficient  for  weir  of  irregu- 
lar cross  section  by  combining  the  coefficients  for  two  principal  ele- 
ments of  which  it  is  composed,  as  separate  weirs,  is  restricted  in  its 
application  and  may  lead  to  inconsistencies. 

WEIRS  WITH  VARYING  SLOPE  OF  UPSTREAM  FACE. 

Experiments  were  made  by  Bazin  on  thin-edged  weirs  inclined  at 
various  angles.  Bazin  found  the  ratio  of  the  coefficient  of  dischar^ 
to  that  for  a  vertical  thin-edged  weir  to  be  sensibly  constant  for  all 
heads  within  the  limits  of  his  experiments,  0.0  to  1.5  feet.  Bazin's 
results  were  expressed  in  the  form  of  a  modulus  by  which  to  multiply 
the  coefficient  for  a  vertical  weir  to  obtain  that  for  an  inclined  weir. 
Assuming  the  Francis  coefficient  8.33  to  apply  to  a  vertical  weir,  the 
coefficients  for  weirs  of  various  inclinations  would  be  as  follows: 

Coefficientit  for  inclined  weirg^  Bazin^s  experiments. 


Bazin*8 
modulus. 


f  1  horizontal  to  1  vertical. . .        0. 93 


Upstream  inclination  of  the  weir . . . 
Vertical  weir * 


12  horizontal  to  3  Vertical. . . 
I  horizontal  to  3  vertical... 


Downstream  inclination  of  the  weir. . 


1  horizontal  to  3  vertical. . . 

2  horizontal  to  3  vertical. . . 

1  horizontal  to  1  vertical... 

2  horizontal  to  1  vertical. . . 
4  horizontal  to  1  vertical.. . 


.94 
.96 
1.00 
1.04 
1.07 
1.10 
1.12 
1.09 


3.097 
3.130 
3.197 
3.330 
3.463 
3.563 
3.663 
3.996 
3.630 


On  PI.  XVI  are  shown  the  results  of  United  States  Deep  Waterways 
experiments  on  weirs  4.9  feet  high,  having  horizontal  crests  0.67  foot 
broad,  and  with  various  inclinations  of  the  upstream  slope.  The 
experiments  cover  heads  from  1.75  to  5.2  feet,  but  only  3  or  4  points 
are  given  on  each  coefficient  curve.  The  results  indicate  in  a  general 
way,  however,  nearly  constant  coefficients  for  each  inclination  of  the 
upstream  face.  The  values  of  the  coefficients  are  considerably  smaller 
than  those  obtained  by  Bazin,  whose  experiments  were  on  weirs  2.46 
feet  high  with  sharp  crests. 

Pis.  X,  XI,  and  XII  show  the  results  of  experiments  of  Bazin  on 
weirs  of  irregular  section,  with  various  upstream  slopes.  PI.  X 
includes  5  series  of  experiments  on  weirs  1.64  feet  high,  with  sharp 
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crest  angles,  and  2  :  1  downstream  slopes.  The  coefficient  curves 
8how  a  depression  period  at  from  0.3  to  0.7  foot  head,  beyond  which 
the  coefficients  may  be  fairly  represented  by  constants  up  to  1.5  foot 
head  (the  limit  of  the  experiment).  A  general  curve  showing  the 
convStant  coefficient  in  terms  of  a  downstream  slope  or  batter  has  been 
added.  This  indicates  a  maximum  coefficient  of  discharge  for  an 
upstream  slope  of  about  2.6  :  1.  Bazin  found,  for  thin-edged  weirs, 
with  inclined  downstream  slopes,  a  maximum  coefficient  for  an  incli- 
nation of  30^,  or  If :  1. 

PLs.  XI  and  XII  show  coefficient  curves  for  weirs  having  the  same 
upstream  slopes  as  in  PI.  X,  but  2.46  feet  high,  and  with  flat  crests 
0.67  foot  wide.  The  coefficient  curves  are  convex  outward,  indicating 
that  they  may  approach  constant  values  at  some  point  beyond  the 
limits  of  the  experiments.  The  marked  difference  in  character  of 
these  coefficient  curves,  as  compared  with  those  in  the  preceding 
group,  is  notable.  For  weirs  with  flat  crests  0.67  foot  wide  the 
coeflicients  for  a  given  head  uniformly  increase  as  the  slope  becomes 
flatter  up  to  a  batter  of  about  IJ  :  1.  They  are  also  greater  for  all 
heads  within  the  limit  of  the  experiments  than  the  coefficients  for 
weirs  with  sharp  crest  angles.  The  comparative  values  are  indicated 
in  the  following  table: 

Comparative  coefficients^  weirs  with  I'arying  upstream  slope. 


Vp- 
stream 
slope. 


Pl.X, 

,  sharp  crest,  | 

2 : 1  down- 

Htream      I 
slope;  aver- 
age con-    I 
slant  coef-  , 
flclent.      ' 


Pis.  XI  and  XI I,  0.67  feet 
crest  width,  2  : 1  down- 
stream slope. 


! 


Vert. 
J:l 
1:1 
1:1 
2:1 


c 

3.58 

3.68 

3.72 

3.83 

3.87 


Head,  in  feet. 


O.ft 

(• 

2.78 

2.87 

2.92 

3. 03 

3.13 


1.0 


C 


3.26  ' 


3.  34 
3.  38 
3.42 
3.43 


1.5 
(' 

3.51 
3.  56 
3.62 
3.65 
3.61 


It  will  be  seen  that  the  addition  of  the  flat  crest  has  an  effect  in  this 
case  similar  to  that  observed  in  Pis.  VI  and  VIII,  showing  the  results 
of  experiments  by  Bazin  on  weirs  with  various  downstream  slopes. 

United  States  Deep  Waterways  series  No.  7,  PI.  XVII,  may  be 
compared  with  Bazin's  series  No.  178,  shown  on  PI.  XI.  The  former 
gives  a  coefficient  of  3.55  for  a  head  of  2  feet  on  a  weir  4.895  feet 
high,  the  coefficient  slowly  increasing  with  the  head.  The  latter  gives 
a  coefficient  of  3.6  for  a  head  of  1.5  feet,  decreasing  rapidly  as  the 
head  decreases. 

»  150-06 13  Digitized  by  GoOglC 


130        WEIR    EXPERIMENTS,   ( OEB  FICIENTS,   AND    FORMULAfi. 

United  States  (leolotrieal  Survey  series  No.  XXXIX,  PI.  XXV III. 
and  United  States  Deep  Waterways  series  No.  18,  PI.  XVIII,  repre- 
sent weirs  with  vertieal  downstream  faces  and  inclined  crests.  The 
upstream  sloj)e  does  not,  however,  extend  back  to  the  F>ottom  of  the 
channel  of  ai)proach,  but  is  cut  off  abruptly  by  a  vertical  upstream 
face.  The  aveni^e  coefficients  deduced  from  these  series  have  been 
plotted  on  a  ^eneml  curve  on  PI.  XVI,  the  coefficients  agreeing^ 
closely  with  those  of  the  United  States  Deep  Waterways  ex[)eriments 
on  weirs  of  similar  upstream  slope,  extending  to  the  channel  bottom. 
United  States  (Geological  Survey  series  No.  XXX  represents  the  Dolge- 
ville  dam,  with  rounded  crest  removed,  leaving  a  trapezoid  with  crest 
()  fec^t  broad  and  1  foot  lower  at  upstream  than  at  downstream  edge. 
The  coefficient  is  not  constant,  but  apparently  approaches  a  constant 
value  of  about  »^.25  for  heads  exceeding  8  feet.  United  States  Deep 
Waterways  series  No.  IS  represents  a  model  of  the  spillway  of  the 
Indian  Lake  dam,  having  a  crest  7  feet  wide,  1.5  feet  lower  at 
upstream  than  at  downstream  edge,  which  gives  an  average  constant 
coefficient  of  8.42. 

It  is  suggested  that  if  the  upstream  slope  of  an  inclined  weir  is  con- 
tinued back  ♦)  feet  or  more  and  terminates  in  a  vertical  upstream  face, 
the  discharge  coefficient  will  not  differ  materially  from  that  for  an 
upstream  slope  extending  to  the  channel  bottom. 

DAMS   OF   OGEE   CROSS    SECTION.    PLATTSBURG-CHAMBLY  TYPE. 

The  United  States  Geological  Survey  experiments  on  dams  of  thi« 
type  are  shown  on  Pis.  XXIII  to  XXVII.  Cross  sections  of  the 
various  dams,  with  lines  indicating  the  comparative  size  of  the  models 
used  in  the  United  States  (icological  Survey  experiments,  are  shown 
on  PI.  XXXIV.  Cross  sections  of  other  ogee  dams  used  as  weirs  are 
shown  on  PI.  XXXV. 

This  class  includes  dams  with  downstream  crest  radius  sufficiently 
large  to  rettiin  the  nappe  al\Vays  in  contact,  yet  not  so  large  as  to  sim- 
ulate a  broad  flat  crest.  We  thus  exclude  the  Dolgeville  section  on 
the  one  hand,  in  which  the  nappe  as  observed  in  the  existing  dam  par- 
tially or  completely  breaks  free  near  the  crest  for  other  than  very  low 
stages,  and  on  the  other  hand,  the  Austin  dam,  with  a  crest  radius  of 
20  feet,  which  appears,  from  the  meager  data  available,  to  lie  outside 
this  class. 

We  have  arranged  the  available  data  in  order,  advancing  with 
decreased  breadth  and  increased  inclination  of  sloping  upstream  face. 

The  coefficients  for  various  depths  are  as  follows; 
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COMPARATIVE  SIZE  OF  MODELS  AND  SECTIONS  OF  OQEE  DAMS. 
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CROSS  SECTIONS  OF  OGEE  DAMS. 
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Dam 'I^J?,*"'  I  ^^"^^^ 

\   bly.      I  burg. 

Approx.  consUint  coeffi-  '. 

cient 3.435    |      3.48 

Breadih  of  slope,  in  feel  J       4.r>  3 

Batter  of  slope 4i:l  4:1 

(•rest  radius, in  feet 2.0  3.0 

Experiment T.  S.  G.S. 

Series '      «i  30 
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Comparative  coefficients,  daim  of  ogee  cross  section. 

Modified  Plattsburg. 


3.48     I      3.48      I     3.70           3.70           3.70  

3                3                3                3,3  3 

4:1      I      4:1            '2:1      I     2:1           2:1  1.01:1 

3.0             3.0              3.0       '      3.0             3.0  3.0 

r.  S.  G.S.,  Mean  of  Ir.  S.  G.S.  V.  S.  G. S.I  Mean  of  l\S.  G.S. 

&31           30-31     '       632      ,      a33      '     32-33  34 


Hea<i0.5foot 3.22 '    3.29  |     3.22  j  3.  2f>5  I 

l.Ofoot I     3.:^  I     3.43  1    3.29     3.36     '     3.37,     3.44     3. 4a5  I      3. 4H 

2.0feet 1     3.42  I     3.42  1     3.:i5  13.385,'    3.51  i     3.  B7  '  3. 59     '      3.75 


3.  0  feet '    3. 49  I     3. 47  ;     3.  43 

4.0feet 3.53       3. 52  j     3.54 

5.0  feet '     3.62    ,     3.73 

6.0feet ' ! 


3.45     1     3.57       3.72     3.645         3.87 
3.  53         3. 67  I     3.  74     3.  705  '       3. 88 


a  15.969  feet  crest  length,  without  end  contraction. 
6  7.979  feet  crest  length,  one  end  contraction. 

It  appears  that  the  rounded  crest  changes  the  character  of  the  law 
of  coeflBcient  from  a  value  tending  toward  a  constant  for  each  back 
slope  to  a  slowlj  increasing  function  of  the  head.  Compared  with  the 
constant  coefficients  for  weirs  with  similar  upstream  slopes  extending 
back  to  canal  bottom,  and  with  vertical  faces,  we  lind  that  the  con- 
stant values  deduced  for  these  cases  correspond  with  the  values  of  the 
varying  coefficients  for  ogee  sections  at  a  medium  head  of  2  to  4  feet. 

By  plotting  the  data  for  weirs  of  ogee  section  on  logarithmic  cross- 
.section  paper  the  following  convenient  approximate  formula  has  been 
deduced,  applicable  for  weirs  with  2  or  3  feet  crest  radius  and  up- 
stream slopes  3  to  4.5  feet  broad.  S  indicates  the  batter  ratio  of  the 
slope  horizontal  run 
vertical  rise 

6^=  [3.62-0.16  (.V- 1)] //^^ (71) 

If  .9=2  : 1         //=:4.0         6^=3.46 X  4^^ 

log  4^^=0.030103         6'=3.46X  1.0716=3.70. 
The  experiments  give  6^=3.74. 

EXPERIMENTS    ON    DISCHARGE    OVER   ACTUAL  DAMS. 

On  PL  XXXVII  are  shown  the  results  of  a  number  of  experiments 
made  by  measuring  the  discharge  over  existing  dams  b\'  means  of  floats 
or  current  meters.  Aside  from  those  for  the  Austin,  Tex.,  dam,  the 
data  have  been  collected  by  Mr.  George  T.  Nelles.^ 

aDi^<rus8ion  of  paper  by  G.  W.  Rafter  on  the  flow  of  water  over  damn:  Trans.  Am.  Soc.  C  E.,  vol.  44, 
pp.  359-^162. 
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BI^(  KSTONE    RIVER    AT   ALBION,  MASS. 

This  is  a  timber  dam  217  feet  lon^,  with  horizontal  crest  I  foot  wide, 
vertical  downstream  face,  and  upstream  slope  covered  with  ri[>rap. 
Discharge  was  measured  by  current  meter  500  feet  below  dam,  and  the 
depth  was  measured  by  hook  gage  20  feet  upstream  from  crest.  C'o- 
efiicients  have  not  been  corrected  to  eliminate  velocity  of  approach. 
Th(»v  illustrate  the  uncert^iinty  of  discharge  for  broad-crested  weirs  of 
small  width  under  low  heads. 

MVSKINOrM    RIVER,  OHIO. 

I)is<*harge  was  measunnl  by  rod  floats  in  a  cross  section  500  feet 
above  the  dams,  which  are  constructed  of  timl)er  cribs  tilled  with  stone. 
Data  by  Maj.  \V.  H.  Hixby,  T.  S.  Army. 

l>iHi'hnr(je  data  far  Muiikin(jum  River  danm. 


'  Area  of  Dis- 

Num-       Length         Mean       di.s-harKe  eharge, 

lierof     on  ereMl.    helRhl.  in  seetion.  in  in  cnblr 

(lam.  ^    in  feet.  feet.  square  feel  ikt 

I       feet.  second. 


Mean     '  .,  ,,  Obsened  , 

inf.^tper    *^?™;'"      crWt,  in 
8e<ond.  '*^''-  fiH'l. 


Cm^fti- 
«ieni  (\ 


848  12.  6  7,  7H5  i  18, 1 18  j  2.  883  8.  00  I  2.  86  4.  419 

5H5  15.  9  8, 860  25, 559  |  8.  045  j  6.  70  I  4. 66  4.  728 

472  14.2  8,280  21,015  >  2.558  !  7.00  4.40  4.812 

515  16.0  7,880  22,310'  8.044  5.16  5.90  8.015 


The  depth  on  crest  has  not  been  corrected  to  eliminate  velo<*ity  of 
approach. 

On^AWA    RIVER    DAM,  (ANA DA. 

Data  by  T.  i\  Clark,  C.  E.  Dam  30  feet  high,  with  upstream  and 
downstream  faces  planked  and  sloping  3:1,  forming  sharp  crest  ang-le 
at  junction. 

1H»chargt'  data  fi>r  Ottatra   Riirr  dam. 


I    lA*npth  of       Depth  on 
dam,  in  feet,  erestjn  feet, 


Di.st'haive, 
in  cubic  feet 
per  second. 


Diseharjfe  ' 
coefficient  C. 


I  l,tKX) 

1,760 


2.  5  26,  000 

10.0        190,000 


4.106 
8.  40H 


These  data  are  notable  as  giving  the  only  authentic  value  of  dis- 
charge over  a  dam  under  so  great  a  head  as  10  feet.  The  high  coeffi- 
cient found  for  a  head  of  2.5  feet  renders  the  results  .somewhat  doubtful. 
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TAYLOR-HOWARD   EXPERIMENTS   ON    DAM   AT   AUSTIN,   TEX 
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EXPERIMENTS  OF   DW1QHT    PORTER,  BLACK8TONE   RIVER,  ALBION,  MASS. 
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Correi'tetl  head  //  in  feet. 

MUSKINGUM    RIVER    DAM.       DATA    BY    MAJ.   W.  H.    BIXBY,   U.   8.   A. 

EXPERIMENTS  TO  DETERMINE  COEFFICIENT  C  FROM  ACTUAL  DAMS. 


Digitized  by  VjOOQIC 


Digitized  by  CjOOQIC 


ROUGHNESS    OF    CREST.  133 


AUSTIN,  TEX.,  DAM.^ 

A  series  of  current-meter  measurements  of  the  divscharge  over  this 
dam  were  made  in  January  and  March,  1900.  Several  observations  at 
each  depth  have  been  combined.  The  resulting  mean  coefficients  are 
given  in  the  following  table: 

Discharge  coefficients  for  tlie  AuMin,  Tex.,  dam. 

I  I  ,  Range  of  vari- 

Num.  ,,     '//=depth!      atfonofr.  Number     ^^ 

Date.        I  ^]""^  //at  crest  __  .  .JJin*]^^   .     value     I 

^^-  of  dam.  ^^'^*"^*        ofC\ 


From—    T<>- 


tions. 


1900.  I                         ! 

Jan.  15  I         1  ,  1.09  0. 838  '  3. 09  3.14               4  3.132 

Jan.  18  ,        2       .72  .625     3.00  3.11  11  3.053 

.42  .33       3.06  3.  13  .            4  t  3.112 

1.44  1.04       3.32  3.36  j            3  ,  3.333 

1.32  .96       3.26  3.33.,            5  3.302 


Jan.  26  3 

Mar.  28  4 

Mar.  28  5 


Average , ■ | 3.  i86 


ROUGHNESS  OF  CREST. 

The  models  used  in  weir  experiments  have  usually  been  constructed 
of  planed  and  matched  timber.  In  actual  dams  a  wide  variety  of  con- 
ditions exist,  including,  in  the  order  of  roughness,  sheet-steel  crests, 
boards  smoothed  by  wear  and  rendered  slippery  by  water  soaking  and 
fungus  growths,  unplaned  boards,  dressed  masonr}^  formed  concrete, 
rubble  and  undressed  ashlar,  with  earth,  cobble,  or  broken-stone 
approaches.  For  the  determination  of  the  extent,  if  any,  to  which 
the  coefficient  appl^'ing  for  a  smooth-crested  dam  must  be  moditied  to 
apply  to  any  of  these  conditions,  the  following  data  are  available. 

UNITED   STATES   DEEP   WATERWAYS,  SERFES   7   AND   8  (PL.  XVIl). 

Model  dams,  4.9  feet  high,  2: 1  slope  on  both  faces.  The  mean  coeffi- 
cients are  about  1  per  cent  greater  for  crest  of  planed  boards  than 
for  crest  covered  with  one-fourth-inch  mesh  wire  cloth. 

a  Taylor.  T.  U.,  the  Austin  dam:  Water-Sup.  and  Irr.  Paper  No.  40,  V.  8.  Geol.  Survey,  1900,  p.  33. 


Digitized  by  CjOOQIC 


134        WKIR    EXPERIMENTS,   COEFFICIENTS,   AND    FORMULAS. 
CKOTON    DAM,  KOIND-CRKST   SECTION,  MODEL    A    (PL.  XIX). 

Crost  r<)un(l(Hl,  radius  10  feet.     Upstream  sIojk*  about  H:  1. 

( 'omjianitire  rofffirieiitit  irith  iHiryinj  rou(jhiiei*s^  Orotou  round  crest. 


kit.  crest.  aiidj'lopivi 


0.  25 
.50 
l.()0 
1.5() 
2.00 
2.50 
3.00 


3.  34 
3.  24 
3.  21 
:5.  21 
3.21 
3.  21 
3.  21 


Bmken-         BroktMJ- 

stone  slope.  Mtoiie  nlope. 

unpinned  wire  eloih 

erest.  on  crest. 


2.84 
2.91 
3.04 
3.12  I 
3.15  j 
3.  15     t 


3.18 
3.18 
3.19 
3.20 
3.21 
3.22 
3.22 


3.16 
3.09 

3.15  I 

3.15  , 

3. 15  . 

3.15  I 

3. 15  ! 


"Thin  series  appears  doubtful.— R.  K.  H. 
CROTOX    DAM,  ANGULAR   SECTION,  MODEL   B  (PL.  XX). 

Apron  slope  1.25:1,  upstream  slope  H.24:l  for  13  feet,  then  rough, 
aud  slope  about  4: 1  to  bottom. 

ComjHirnt'nr  coejfirieiiisy  Vim/iru/  roughness,  Oroton  angular  crest. 


Series. 


Head. 


I'nplaned  Rouf^h-stone 

plank,         approach. 

rouKh-stone  wire  cloth 
approach.       on  crest. 


rnplaned  plank,         approach 

plank.        rouKh-stone    wire  clotl 


0.25 

3.61      . 

3. 63     1 

3.56 

.50     1 

3.66 

3.57 

1.00 

3.67 

3.66 

3.58 

1.50 

3.68 

3.66 

3.60 

2.00 

3.70 

3.66 

3.61 

2.50 

3.  70 

3.66 

3.62 

The  data  given  above  are  somewhat  discordant,  but  indicate. that  in 
general  the  decrease  in  discharge  resulting  from  the  roughness  of  the 
various  materials  forming  the  crests  and  approache^s  of  dams  will  not 
exceed  from  1  to  2  per  cent  for  low  heads,  and  usually  decreases  as 
the  depth  of  overflow  increases. 
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FALLS. 


Bellasis'*  presents  the  following  analysis  for  a  fall  in  which  there  is 
neither  a  raised  weir  nor  a  lateral  reduction  in  section.  If  r  is  the 
mean  velocity  at  CD^  near  to  AB^  then  v  is  both  the  velocity  of 
approach  and  the  velocity  in  the  weir  formula 


^'=|^V2^(^+4^/ 


vy//y^/^////yyy/////y////////y/y'///yy/^y. 


Fig.  10.— Fall. 

where  c  is  a  coefficient  of  velocitv. 


4  4 


(l-y«6^)t>'  =  y(^2^7; 


2  , 


Makinjr  a=l,()0  and  f7=0.79. 

'=^S^??--"V« 

The  depth  Z>  is  to  be  measured  so  near  AB  that  the  water  shall  have 
acquired  its  velocity  of  efflux.  The  depth  will,  of  course,  be  affected 
by  the  surface  curve,  the  upstream  extension  of  which  will  l)e  longer 
according  as  the  slope  of  the  leadi?ig  channel  is  flatter,  being  very 
great  for  a  horizontal  channel.  The  formula  needs  experimental  veri- 
fication, but  affords  a  convenient  basis  of  approximation  of  the  flow 
through  troughs  and  sluices  and  over  aprons  and  falls. 

Experimental  data  for  c  are  needed. 

a  Hydraulics,  p.  99. 
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WEIR   CURVED    IN    PLAN. 

Milldams  of  both  wood  and  masonry  are  often  constructed  to  bow 
upstream,  sometimes  to  secure  the  added  strength  of  arched  form,  or  to 
secure  additional  spiUway  length,  or  to  follow  the  crest  of  a  favorable 
roek  ledge,  or  to  throw  the  ice-bearing  current  away  from  intake 
gates.  The  dam  may  follow  the  arc  of  a  circle,  or,  as  is  common  with 
timl)er  dams,  there  may  l)e  an  abrupt  angle  in  the  plan  of  the  dam. 
Fig.  11  shows  a  graphical  comparison  of  curved  and  angle  dams  with  a 
straight  dam  across  the  same  channel,  the  former  being  each  13.5  per 
cent  longer  than  the  straight  crested  dam. 

If  such  an  arched  spillway  opens  out  of  a  broad,  deep  pond,  the  dis- 
charge over  it  would  be  greater  than  for  a  straight  overfall  very  nearly 
in  proportion  to  the  excess  in  length  of  the  arc  as  compared  with  the 
length  of  its  chord. 

When  the  stream  is  confined  in  a  restricted  channel,  the  increased 
velocity-  of  approach  above  the  longer  spill>\ay  will  become  a  factor. 
Thus  if  two  dams — one  straight,  the  other  arched — were  placed  in  the 
same  straight,  uniform  channel,  and  the  depth  on  crest  measured  at 
the  same  distance  ui)stream  from  each,  then,  wnth  the  same  measured 
head  on  both,  the  velocity  of  approach  to  the  arched  dam  would  be 


Fui.  11.— Weir  curvtHi  or  an^lar  in  plan. 

greater  nearly  in  the  same  proportion  that  its  length  of  crest  and  dis- 
charge are  greater  than  for  the  straight  crest.  Properly  corrected  for 
velocity  of  approach,  the  arched  dam  will  give  a  correct  measurement 
of  the  discharge,  the  length  of  the  arc  l>eing  used  as  the  crest  length. 
When  the  length  of  the  arc  greatly  exceeds  the  channel  width,  the 
velocity  of  approach  may  become  excessive,  introducing  uncertainty 
as  to  the  proper  correction  coefficient,  difficulty  in  measuring  the  head, 
and  an  uplifting  of  the  central  swifter-flowing  portion  of  the  stream 
surface. 

The  circular  overflow  lip  of  a  vertical  artesian-Well  casing  is  some- 
times used  to  approximate  the  flow,  the  measured  depth  of  water 
above  the  lip  of  the  pipe,  together  with  its  circumference,  being  used 
in  the  weir  formula.'' 


a  Experiments  showing  the  disehanfe  over  a  circular  weir  to  be  proportional  to  the  length  of  the 
arc  were  made  by  Simpson  at  Chew  Magna,  Somersetshire,  England,  1860,  not  recorded  in  detaiL 
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SUBMERGE1>   WKIK8. 

THEORETICAL   FORMULA. 

In  a  "submerfred,"  ''drowned,"  '^ incomplete,"  or  '"partial"  weir  the 
water  on  the  dow^nstreani  side  stands  above  the  crest  level. 

The  submerged  weir  is  not  extensively  used  as  adevice  for  stream 
gaging.  A  knowledge  of  the  relations  of  head,  rise,  and  discharge 
of  such  weirs  is,  however,  of  great  importance  in  works  of  river 
improvement,  canals,  etc.,  and  the  leading  formulas  are  here  presented. 
It  may  be  added  that  for  situations  where  head  can  not  be  sacrificed, 
precluding  the  use  of  an  ordinary  weir,  and  where  the  velocity  is  not 
a  continuous  function  of  the  depth,  as  in  race  ways,  making  a  channel- 
rating  curve  inapplicable,  the  use  of  submerged  weirs  to  measure  or 
control  the  discharge  merits  consifleration.  Their  use  for  such  pur- 
poses as  the  equable  division  and  distribution  of  water  in  power  canals 
hais  hitherto  been  very  restricted,  owing  to  the  lack  of  experimental 
coefficientvs. 

Let  //=IIead  on  upstream  side,  corrected  for  velocity  of  approach. 
7)=Mea.sured  head,  upstream  side  of  weir. 
^/=Mea^uEed  head,  downstream  side  of  weir,  or  the  depth  of 

drowning,  taken  below  the  ressault. 
Z  =  Difference  of  elevation,  upstream   and   downstream   sides 

P  =  Height  of  weir  al>ove  channel  bottom. 
L  =  Length  of  weir  crest,  feet. 
/'  =  Mean  velocity  of  approach. 

A  =  Head  on  a  thin-edged  weir  that  would  give  the  same  dis- 
charge. 
M*  and  C  coefficients  of  discharge  for  a  submerged  weir. 


n 

Fio.  12. — Submerged  wolr. 

The  theoretical  formula  of  Dubuat  for  discharge  is  obtained  by 
regarding  the  overflow  as  composed  of  two  portions,  one  through  the 
upper  part  I)—d^  treated  as  free  discharge,  the  other  through  the 
lower  part  d^  treated  as  flow  through  a  submerged  orifice. 

Combining  the  two  discharges, 

Q^  Qx+Q.=  3  i2(/Z{I)-J)*+Ld,!2g{/J-d) 
IBB  150—06 14 
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By  reducing,  including  acoerticient,  and  using  the  head  //corrected 
for  velocity  of  approach,  we  have  the  general  formula  for  a  submerged 
weir. 

Q=\^r^•l<,z(^II+'!^^c"L(n+'^)4y^  ■    ■    •  (73) 

The  head  due  to  the  velocity  of  retreat  should  in  strictness  be  sub- 
tracted from  the  depth  of  submergence  (L  This  is  not  commonly  done, 
however,  in  the  experiments,  where  the  usual  method  of  producing  the 
submergence  is  by  danmiing  and  retarding  the  water  below.  In  prac- 
tice, if  the  velocity  of  retreat  is  large,  the  correction  should  be  made. 

The  theory  of  fornmla  (7^^)  makes  r'  =  1.5  times  the  value  of  the 
coetlicient  C  in  the  free  portion  of  the  discharge."  This  value  is 
adopted  by  Dubuat  and  Weisbach. 

D'Aubuisson  gives  C'  —  iA'f^C, 

Francis's  early  experiments  make  6*'  =  1.38  T. 

From  gage  records  of  large  rock-tilled  crib  dams  on  Kentucky 
River,  having  planked  upstream  slope  3:1  and  vertical  steps  below 
crest—  height  of  dams  about  20  feet,  heads  4  to  7.5  feet,  mean  5.3 
feet — Nelles  found  results  as  follows: 

Dam  No.  3,  water  falling  slowly  4  days,  6"  =  1.5^, 

Dam  No.  2,  water  falling  slowly  3  days,  6"  =  1.53r. 

Dam  No.  1,  water  rising  and  falling  slowly  5  days,  C'='\A^C. 

FTELEY  AND  STEARNS  SUBMERGED-WEIR  FORMULA.  & 
Ftelev  and  Stearns  use  the  !>ase  formula 

(?=6'z(//+QV-2^ (74) 

Coefficients  for  theal>ove  formula  were  derived  from  experiments  on 
thin-edged  weirs,  by  Ftelev  and  Stearns  and  by  J.  B.  Francis,  and 
give  correct  results  for  weirs  for  which  the  free  discharge  would  be 
correctly  cal(;ulated  by  the  Francis  formula. 

The  head  on  upstream  side  varied  from  0.3251  to  0.9704  foot,  and 

Yj  varied  from  — 0.0H3  to  O.OSI  with  air  under  nappe,  and  from  0.077 

to  0.975  with  no  air  under  nappe,  and  in  applying  the  formula  the 
same  conditions  should  be  complied  w  ith.  The  authors  comment  that 
where  sufficient  head  can  not  be  obtained  for  a  weir  of  the  usual  free- 
discharge  type,  a  submerged  weir  may  be  used,  provided  that  the  head 
does  not  var}'  greatly. 

rtSee  valuable  discuswion  of  subnierKed  weirs  by  Geo.  T.  Nelles  in  Trans.  Am.  Soc.  C.  E..  vol.  44, 
pp.  354>-383. 

ft  Fteley  and  Stearuti,  Kxperimeuts  ou  the  flow  of  water,  etc.;  Traus.  Am.  Soc  C.  E.,  vol.  12.  pp. 
101-108. 
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From  a  large-scale  curve  Fteley  and  Stearns  derive  the  following 
table  of  eoetficient  6',  for  formula  (74): 

Ftdey  and  Steams^ s  coefficients  for  submerged  weirs. 


0.0 
.1 
.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 


|- 


3.365 

3.286 
3.214 
3.155 
3.113 
3.092 
3.092 
3.122 
3.190 


3.330 
3.359  I 
3.278  I 
3.2C7  I 
3.150  I 
3.110  [. 
3.091 
3.093 
3.127 
3.200 


3.331 
3.352 
3. 271 
3.201 
3. 145 
3.107 
3.090 
3.095 
3.131 
3.209 


3.335 
3.343 
3.264 
3.194 
3.140 
3.104 
3.090 
3.097 
3.137 
3.221 


I 


0.04 

3.343 
3.335 
3.256 
3.188 
3.135 
3.102 
3.089 
3.099 
3.143 
3.233 


0.05 

3.360 
t  3.  327 
!  3.249 

3.182 
'  3. 131 
I  3.  100 

3.089 
I  3. 102 
I  3.160 

3.247 


I 


0.06 

3.368 
3.  318 
3.241 
3.176 
3.127 
3.098 
3.089 
3.105 
3.156 
3.262 


r 


0.07 

3.371 
3. 310 
3.234 
3.170 
3. 123 
3.096 
3.090 
3. 109 
3.164 
3.280 


0.08 

3.372 
3.302 
3.  227 
3.165 
3. 119 
3.095 
3.090 
3.113 
3.172 
3.:^00 


I      0.09 

i  3.370 

3.294 

I  3.  220 

3.159 

1  3.116 

I  3.093 

'  3.091 

j  3.117 

3.181 

I  3.325 


d   :„ 


Where  -^  is  less  than  0.15  Q  is  not  sensibly  affected  by  submergence. 

Where  ^  is  from  0.5  to  0.8  6^  may  be  taken  at  3.10. 

Correction   for   velocity  of  approach  was   made   by  the   formula 

Zr=2>+— .     No  correction  was  made  for  velocity  of  retreat. 
2g 

The  formula  is  probably  applicable  to  larger  dams  and  greater  depths 
by  selecting  proper  values  of  C\  -jf  being  a  relative  quantity. 

A  number  of  empirical  formulae  for  submerged-weir  discharge  are 
also  used. 

CLEMENS   HERSCHEL'S  FORMULA.a 

Herschel's  formula,  based  on  experiments  of  J.  B.  Francis,  1848, 
Fteley  and  Stearns,  1877,  and  J.  B.  Francis,  1883,  is 


^=3.33  Z(ira^)*=3.33  Za^ 


(75) 


In  this  formula  the  measured  head*  is  reduced  to  an  ecjuivalent  head 
that  wdBTd  give  the  same  discharge  over  a  free  overflow.    The  value  of 

the  coefficient  N—-^  dei>ends  on  the  proportional  submergence  -jv- 

aHershel,  Clemen,  The  problem  of  the  submerged  weir:  Trans.  Am.  Hoc.  C.  E.,  vol.  14,  May,  1885, 
pp.  190>196. 

*  Corrected  for  velocity  of  approach  by  method  for  Francis's  formula  before  applying  in  above 
fonniila. 
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The  values  of  this  ratio,  together  with  their  prolwble  error,  are 
j^iven  below. 

OjeffirieiU  X,  IlentcheVs  submerged- ivt'ir  formula .  <* 


d 
I) 


I 


0.0 
.1 
,  2 
.3 
.4 
.5 
.« 
.  7 
.8 
.9 


1.0(X) 
l.(X)5 
.  985 
.959 
.929 
.892 
.84« 
.787 
.  708 
.574 


d 
If 


1.004      1.006      1.006      1.007 


1.008     1.002  I   1.000 


.982 
.956 
.926 
.888 
.841 
.780 
.692 
.  557 


.980 
.  958 
.  922 
.884 
.  886 
.778 
.681 
.589 


.977 
.  950 
.919 
.880 
.880 
.766 
.669 
.520 


.998 
.975 
.947 
.915 
.875 
.  824 
.758 
.656 
.498 


O.Oft 

0.06 

.007 

1.007 

.996 

.994 

.972 

.970 

.944 

.941 

.912 

.908 

.871 

.8(>6 

.818 

.813 

.750 

.742 

.644 

.631 

.471 

.441 

0.07 


1.006 

1.006  ; 

1.005 

.992 

.989 

.987 

.967 

.964 

.961 

.938 

.9;v> 

.  932 

.904 

.900 

.896 

.861 

.856 

.851 

.806 

.800 

.794 

.732 

.723 

.714 

.618 

.604 

.  590 

.402 

.352 

.275 

"  Value.**  for      cxretHling  0.80  less  aoeural<»ly  determined. 


:0.02 

:0.15 
:().24 

0.33 

:0.42 

0.60 

:0.66 

0.72 


to  0.14, 

to  0.22, 
to  0,32, 
to  0.41, 
to  0.59, 
to  0.65, 
to  .071, 
to  .084, 


variation 

variation 
variation 
variation 
variation 
variation 
variation 
variation 


of  ^V- 

of  N^ 
of  .Y= 
of  .V= 
of  .V- 
of  ;V^=: 
of  iV"- 

of  .V= 


±0.005  to 

±0.008  to 
±0.012  to 
±0.015  to 
±0.018. 
±0.017  to 
±0.014  to 
±0.011  to 


0.007. 

0.010. 
0.014. 
0.017. 

0.015. 
0.012. 
0.009. 


This  table  indicates  that  for  depths  of  submergence  not  exceeding 
20  per  cent,  the  head  will  not  ordinarily  be  increased  more  than  2 
per  cent. 

The  discharge  over  a  submerged  weir,  according  to  HerscheFs  for- 
mula, bears  the  i-atio.V^  to  that  over  an  unsubmerged  weir  under  the 
same  head. 

THE  CHANOINE  AND  MARY  FORMULA. 

q^M'LH^^lgZ —     (76) 

This  expression  has  a  form  similar  to  that  for  the  ordinary  formula 
for  submerged  oritices.  It  is  applicable  only  under  conditions  identi- 
cal with  those  for  which  J/'  has  been  determined.  ^ 


a  Van  Nostrand'8  Eng.  Mag.,  vol.  34,  p.  176. 
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R.  H.  RHIND'S  FORMULA.^* 

Q=^  M'iMg  [(liZ+{).Oh^+t^  A/Z+0.085/^"l     .      .     (77) 

This  ma}'  be  reduced  to  the  theoretical  formula  (78)  by  omittinjif 
the  correction  for  velocity  of  approach. 

BAZIN'S   FORMULAS.* 

By  duplicating,  Vith  various  depths  of  submergence,  his  experi- 
ments on  thin-edged  weirs  Bazin  deduced  the  following  expressions 
for  the  coeffi(*ient«  for  submerged  weirs  to  be  applied  in  the  discharge 
formula 

Q^m'  LD4'2>gD. 

Let  P  represent,  as  heretofore,  the  height  of  weir  crest  above  chan- 
nel l)ottom,  the  coefficient  in  being  that  which  would  apply  to  the 
same  weir  with  free  discharge. 

(1)  Accurate  formula  with  small  values  of  <1: 

m'  =  m  ri.0«+0.ir/y>-0.(»5Vn    ......     (7S) 

(2)  Accurate  formula  with  large  values  of  d: 

m'  =  ,„  [(^1.08+0.18  f,^  7^^/> -] (^''^ 

(3)  Approximate  formula  for  all  cases: 


/  =  mM.05  +0.21  ^^  y 


V (^^*> 


The  above  formulas  are  for  weirs  without  end  contractions. 

The  coefficient  m  contains  the  correction  for  velocity  of  approach  of 
the  free-dis(rharge  weir,  and  ////  contains  the  necessary  factor  (if  any) 
for  the  resulting  modification  of  the  velocity  of  approach  effect,  when 
the  weir  becomes  drowned.  They  are  only  strictly  accurate,  there- 
fore, when  //i'  is  substituted  for  rn  in  Ifezin's  fonnula. 

In  Bazin's  formulas  the  height  /*of  the  weir  enters  as  a  controlling 
factor  in  (1),  and  is  present  less  prominently  in  (2)  and  (3). 

The   modification   by  drowning  is  made  to  depend  on   .,  in  (2),  and 

on  this  ratio  and  that  of  the  cube  root  of      r.     jointly  in  fornuda  (8). 

It  is  often  difficult  to  determine  P  or  to  apply  these  fornmlas  to  a 
weir  fed  by  a  large  pond  and  having  end  contractions. 

a  Proc.  Inst  Civil  Enffineera,  1886. 

ft  Bazin.  H..  Exp^^rienoes  nouvelles  mir  r^-oulcment  en  dt>vt'nM»ir,6«^  art.,  Ann.  l'ont*»  ot  ChauswM's, 
Mcmoiret«  et  Docuraenbt,  1898. 


Digitized  by  VjOOQIC 


142        WEIR    EXPERIMENTS,  COEFFICIENTS    AND    FORMULAS. 


Assume  P^=^'r> 
Then  (2)  l)ecomes 


y,/=:y,/Xl.08 


=  7nXl 


.(.H^. 


(HI) 


and  differs  from  (8)  when  similarly  reduced  only  in  the  substitution 
of  1.05  for  l.<)8  as  a  eoeflieient. 


If 


Ex.         /y=4' 


(1=2' 


P=oo 


/// =  0.425X1.08  J'[  =0.8^4, 


the  discharge  being  89.4  per  cent  of  that  over  an  unsubmerged  weir 
under  the  same  head. 

Coin}xiris(m  of  Huf/merged-weir /ormiUwi. « 


(i,  feet. . 
If,  feet  . 
illU .... 


.50 
2.0 


.75 
2.0  ' 

2  I 


.25 
1.0 


PereentaKe  of  iinwibmersrod-weir  discliHix**. 


Fleley-Steanis . .      99.91  t    95.06       H9.29       95.01  i    82.61 


HerHchel 100. 15      95. 83       90. 56 

■  Bazin  (3) 100.43      9ft.  40  I    89.78 


95.83 
95.40 


84.24 
83.34 


64.02 
64.95 
66. 15 


n  Weir  afwumtni  u>  be  ven-  hiKh  mo  that  there  is  no  veloelty  of  approach  or  of  retreat.  The  coeffi- 
eientof  discharge  for  a  thin-caged  weir  with  free  di.seharge  ha«  been  taken  at  3.33  for  the  Fteley- 
Steams  and  Herschel  formnla». 

INCREASE  OF  HEAD  BY  SUBMERGED  WEIRS. 

Any  of  the  submerged- weir  formulas  may  be  transformed  into 
expressions  giving  the  rise  in  water  level  caused  by  the  construction 
of  a  submerged  weir  in  a  channel  or  canal;  in  this  form  they  are  most 
useful  in  the  design  of  sla(*k-wat^r  navigation  works. 

RANKINE's   FORMl^LAS." 

Weir  not  drowned,  with  flat  or  slightly  rounded  crest: 


//=  A  =-t/^^-g,  approximate (82) 


Weir  drowned: 

First  approximation — 

Second  approximation — 


ii=fr-<i(i-lj/_^j) 


"Civil  Engineering,  p.  689. 
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COLONEL   DYAS'S   FORMLTJl.^ 

This  is  intended  to  determine  the  height  of  a  weir  on  the  crest  of  a 
fall  in  an  irrigation  or  other  canal  to  maintain  a  desired  uniform  depth 
and  slope. 

/>= Depth  on  weir,  feet. 

X=  Depth  of  uniform  channel,  feet. 

/*=X—i>= Height  of  weir  necessary. 

^l=Area  uniform  channel  section,  feet. 

^=  Hydraulic  radius,  feet. 

1^=  Slope  or  fall  in  feet,  per  foot. 

Z= Length  of  weir  crest,  feet. 

^^/9()0.1^^7?^^\      j,^^^^22/?.9      ....      (84) 

If.l  =  10(M>     X=W     ^=8.33     .^=0.001     Z=100, 

/>  =  r^»><10(W><8-3'l><^>-^^»nA_i25.Slx8.33X(^ 
L  1<K)0()  J 

=9.0856-1.0441  =  8.04 

7>r=  10-8.04=  1.90  feet. 

In  this  (*ase  length  of  weir  equals  width  of  channel,  and  the  velocity 
of  approach  would  l>e  the  mean  velocity,  which  by  Kutt^r's  formula 
will  vary,  say,  from  8  to  10  feet  per  second  under  the  conditions, 
depending  on  the  value  of  the  coefficient  of  roughness  jt.  This  would 
make  the  flow  in  the  channel  8,000  to  10,000  cubic  feet  per  second. 

As  a  check  on  the  calculated  depth  />,  it  will  be  found  that  the  flow 
over  a  weir  100  feet  long  under  a  head  8.04  feet  (corrected  for  the 
large  velocity  of  approach)  will  also  be  from,  say,  8,000  to  10,000 
cubic  feet  per  second,  depending  upon  the  coefficient  used  in  the  weir 
formula. 

SUBMERGED    WEIRS   OP   IRREGULAR   SECTION. 

For  certain  forms  of  irregular  weirs  having  vertical  downstream 
faces,  the  discharge  when  subject  to  submergence  may  probably  be 
approximated  by  applying  the  ratio  of  drowned  to  free  discharge  for 
a  thin-edged  weir  similarly  submerged  as  a  correction  to  the  coeffi- 
cient for  free  discharge  over  the  weir  in  question.  For  brOad-crest(»d 
weii^  or  weirs  with  aprons  this  method  probably  will  not  be  applicable. 

bazin's  kxperiments. 

For  many  of  the  model  weirs  of  irregular  section  for  which  free- 
discharge  coefficients  were  obtained  by  Bazin,  duplicate  series  of  coef- 
ficients with  various   degrees  of   submergence   were   also   obtained. 

a  Wilson,  H.  M..  Irrigation  in  India:  Twelfth  Ann.  Kept.  V.  S.  (}e«»l.Survoy.  1890-91.  pt.'i,  p.  482, 
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Many  of  these  data  have  been  reduced  to  English  units  by  Nelle^.'' 
Evidently  each  form  of  weir  section  will  require  a  special  formula  or 
table  of  coefficients,  and  little  more  can  be  done  than  to  refer  to  the 
original  data  for  each  specific  case. 

By  way  of  general  illustration  of  the  character  of  submergence  effect 
on  weirs  of  irregular  section,  the  writer  has  deduced  the  following 
roughly  approximate  formulas  from  Bazin's  experiments  on  triangular 
weirs  with  vertical  upstream  faces  and  sloping  aprons.  The  weii*8 
were  2.46  feet  high  and  the  end  contractions  were  suppressed.  Coeffi- 
cient curves  for  free  discharge  are  given  on  PI.  V. 
Three  series  are  included: 

Series  195,  batter  of  face  1:1. 

Series  190,  batter  of  face  2  : 1. 

Series  197,  batter  of  face  5  : 1. 

Experiments  in  which  the  proportional  submergence  -t]  ^^^  nearly 
the  same  were  grouped,  and  the  average  values  of  A,  /?,  and  d  were 
determined.  From  these  the  mean  values  of  ^  and  y^  were  computed 
and  platted  and  a  straight-line  formula  deduced. 

The  initial  effe(»t  occurs  when 

d     0.17/^-0.20 

ij-  nn+o.os ^^^^ 

In  the  above  formulas  A  is  the  vieasured  head  on  a  weir  with  free 
overflow,  having  the  same  form  of  cross  section,  that  would  give  the 
same  discharge.  J)  is  the  depth  on  the  submerged  weir,  d  is  the  depth 
of  submergence,  and  B  is  the  batter  or  slope  of  the  apron. 

DATA   CONCERNING    EAST   INDIAN    W^EIRS. 

The  following  data  compiled  by  Nelles*  are  derived  from  observa- 
tions on  actual  dams  under  heads  imusually  great.  The  calculated 
coefficients  in  the  ordinary  weir  foimula  {a) 

in  the  theoretical  submerged-weir  fornmla  (^) 


Q^  M'L42gz((l  +  3  z\ 


and  in  the  Rhind  fornmla  (77)  are  given  in  columns  14,  13,  and  12, 
respectively  (p.  145),  the  observed  head  being  corrected  for  velocity  of 
approach. 

a  Trans.  Am.  S<>c.  C.  E.,  vol.  44,  pp.  3o»-3{<3.  ^  Loo.  cit. 
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ITVITEl)   STATES    DEEP    WATERWAYS    EXPERIMENTS.^ 

These  experiments  were  made  in  1S91)  at  Cornell  University  hydrau- 
lic labomtory  on  a  model  having  completely  rounded  profile,  l)eing  a 
design  for  a  suhmergexl  dam  for  regulation  of  Lake  Erie. 

The  coeffieient  curve  for  free  discharge  is  given  on  PI.  XVI.  The 
alx'^olute  coefficients  and  the  relative  discharge  with  various  degrees  of 
submergence  are  shown  lx*low.     The  Fmncis  formula  is  used. 


Absolute  coeffidentfi. 

I) 

Siibmer- 
K«MU'e  from 
backwater. 

C 

Fret. 

FeH. 

0.0 

'         OtOO 

3.70 

.1 

1        .m 

3.67 

.  2 

1.32 

3.64 

.3 

1.98 

3.60 

.4 

1         2.  (H     1 

3.54 

.5 

1      xm   ^ 

3.47 

.6 

X  99 

3.  :WJ 

.  7 

1         4.  *>2     1 

3.17 

.8 

5.28     j 

2.88 

.9 

1                     1 
5.  94 

2.:w 

Relative  roefficient^j  Vnited  States  Deep  WalernKij/a  mbinerged-weir  modd. 


d 
H 


0.0 
.1- 
.2 
.3 
.4 


1.000 
.991 
.983 
.972 
.956 


0.5 
.6 
.  7 
.8 
.9 

1.0 


0.937 
.907 
.856 
.778 
.621 


C  is  the  coefficient  for  free  discharge  over  a  similar  weir  under  the 
same  head. 

WFilR  DISCHARGE  ITXDER  VARYING  HEAD. 

Problems  of  weir  discharge  under  varying  head  occur  in  the  design 
of  storage  reserv^oirs  for  river  regulation,  and  in  determining  the  maxi- 
mum discharge  of  streams. 

«Rept.  r.  S.  Board  <»f  Engineer!*  on  Deep  Waterways,  pt.  1,  p.  291. 
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An  effort  has  been  made  in  the  present  chapter  to  record  the  various 
working  formulas  resulting'  from  the  solution  of  this  mathematically 
diflScult  portion  of  the  theory  of  the  weir,  and  to  give  numerical  data 
to  facilitate  calculations. 

It  is  assumed  that  there  is  no  velocity  of  approach,  or,  if  any,  that  the 
head  has  been  corrected  therefor.     The  weir  coefficient  is  also  assumed 
to  continue  constant  through  the  mnge  of  variation  of  the  head. 
Notation: 

T  =Time  in  seconds  required  for  the  head  to  change  between 

two  assigned  values. 
Z?^= Initial  depth  on  weir,  feet. 
//i  =  Depth  on  weir  at  the  time  t, 
S  =  Reservoir  surface  area,  square  feet. 
L  =  Length  of  overflow  weir,  feet. 
/  =Rate  of  inflow  to  reservoir,  cubic  feet  per  second. 
Q  =Rate  of  outflow  at  time  t, 

PRISMATIC  RESERVOIR,  NO  INFLOW,  TIME  REQUIRED  TO  LOWER 
WATER  SURFACE  FROM  //„  TO  //,.« 

ilQ^VLir'dt^-Sdn 

CLin 
'^^^^VL    /       ir^dH 

Where  r=  3  JfV2(/-5.85  JA 

T=oo^  when  IIt=0, 
If  A  =  1,000,000,    74=4,     7/^=0.1,      6'^3.88,     and  Z  =  100, 

_      2       3,()00,0<)(> /^  JiO     1\     ,.,,^,  J       .   ..    ,_ 

r=--X    '  ^^'        M  J  -^)=  15,972  seconds  =  4.44  hours. 

To  lower  the  reservoir  from  7/=4  to  7/=l  would  require  8,(M^0 
seconds. 

APPROXIMATE    TIME    OF    LOWERING    PRISMATIC    OR    NONPRIS- 

MATIC   RESERVOIR. 

Choosing  small  successive  values  of  77^—//^,  we  may  solve  this 
problem  approximately,  as  shown  in  the  following  table: 

Time  required  to  lower  reservoir  from  7/^  to  Iff—     \[^j.(J  i^^) 

aDes  Ingenleuw  Tawhenbuch,  I,  1902.  p.  2:«). 
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We  nmv  tuke  the  mean  discharge  between  the  narrow  limit.s  //^,  and 

Q^='~{l/}  +  Hpj (89) 

or,  usin^  the  avera^i^e  head, 

Q.-vr.("-t"i <»"> 

In  the  following  example  we  have  used  the  latter  vailue,  and  have 
made  11,^—  Iff— {).^  foot.  A  similar  solution  may  be  made  for  a  non- 
prismatic  reservoir,  using  successive  va hies  of  ^  *T'  *  a.^  the  reservoir 
area,  and  det^^rmining  the  increments  of  Tby  formula  {S>^), 

Example  of  nm/ing  (Uncharge. 


Ku 

Ih 

Average 

Q  pernoeomi. 

1000 

rior  inen*- 
ment 

Total  T.  i 
seconds. 

4.0     , 

X  5 

X  75 

^       2,417.0 

0.4137 

207 

1          207 

3.5     ' 

X  0 

X  25 

1.951.0 

.  5126 

256 

46.3 

8.0 

2.5 

2.75 

1,519.0 

.  fJ5H0 

330 

793 

2.  5 

2.0 

2.  25 

i       1,124.0 

.  8970 

448 

1,241 

2.0     i 

1.5 

1.75 

771.0 

1.2970     1 

650 

1,891 

1.5 

1.0 

1.25 

465.  4 

2. 1500 

1,070 

2,961 

The  total  time  required  in  seconds  is  2,901,  as  compared  with  3,(H)0 
by  formula  (87). 

The  time  retpiired,  using  the  average  Q  instead  of  the  average  //in 
the  calculation,  that  is,  using  formula  (89)  instead  of  (90),  is  2,938.5 
seconds. 

The  time  T  is  directly  proportional  to  the  area  of  storage  surface 
and  inversely  proportional  to  the  length  of  spillwav.  It  is  also  usu- 
ally proportional  to  the  value  of  C  in  the  weir  formula. 

RESERVOIR  PRISMATIC,  WITH  UNIFORM   INFLOW.^ 
GENERAL   FORMUI.AS. 

Starting  with  reseiToir  full  to  crest  level,  /fo=^K  to  find  the  time 
required  for  the  depth  of  overflow  to  reach  a  given  stage,  I/f, 

nMuHlns,  Lieut.  Gen.  J.,  Irrigation  Manual,  Madras  (iovt.,  1890,  App.  V,  pp.  214-223. 
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When  individual  values  of  the  increment  11^— H^  are  small,  not  over 
0.5  foot  each,  if  successive  values  are  taken,  we  have  approximately: 

.        S{/I,-II,) 
j_2(Jl,-II,)S+Q,+Q, ^j,^^ 

m 

^=time  required  to  rise  through  the  increment  11^— Hy^, 

A  summation  of  the  successive  values  of  t  required  for  the  water  to 
rise  each  increment  will  give  the  total  time  of  rise  from  II ^^  to  //^. 
Formula  (92)  will  give  the  maximum  run-off  from  a  catchment  area 
tributary  to  a  reservoir  if  two  successive  values  of  //and  the  corre- 
sponding value  of  t  are  known. 

Formula  (92)  may  also  be  used  to  determine  7"  for  a  nonprismatic 
reservoir  with  a  variable  rate  of  inflow  by  choosing  such  increments, 
//,— //j,  that  the  average  values  of  8^  /,  and  Q  will  be  nearly  correct. 
Variations  in  the  weir  coeflScient  C  may  also  be  considered. 

FORMULAS   FOR   TIME   OF   RISE   TO   ANY   HEAD   H,    PRISMATK^   RESERVOIR 
WITH   UNIFORM   INFLOW. 

Several  analytical  solutions  of  this  problem  have  been  made.  Start- 
ing at  spillway  level,  let  11^  equal  the  depth  of  overflow  correspond- 
ing to  the  quantity  of  inflow  /.  The  problem  is  stated  by  the  follow- 
ing differential  equation  whose  primitive  is  reijuired: 

(Rate  inflow— rate  outflow)  dt  —  d  (increase  in  storage),  or 

{I-CLir^dt=SdH (93) 

In  the  solution,  mathematical  substitutions  are  necessary  in  order  to 
render  the  time-outflow  equation  integrable  in  known  forms.  A  very 
clear  demonstration  for  a  special  value  of  C  has  been  given  by  Fi'izell.'* 
By  modifying  FrizelFs  formula  to  adapt  it  to  the  use  of  any  value  of 
6' in  the  weir  formula,  the  following  equation  is  obtained: 

where   h=^jl_ 

When  H^H^^  the  second  member  becomes  the  sum  of  an  infinite 
and  two  finite  quantities,  Tis  then  infinite,  and  the  outflow  can  never 


a  Water  Power,  pp.  200-203. 
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lHKH>ine  equal  to  the  intiow^  or  //can  never  equal  //„,  which  quantity 
it  approaches  as  a  limit  as  T  increases.  Frizell  places  11— rH^^  r 
having  any  value  less  than  unity,  and,  being  very  nearly  unity,  V'* 
will  be  more  nearly  so,  and  is  taken  as  eijual  to  unity,  without  great 
error,  enabling  the  two  inverse  trigonometric  constants  to  be  evaluated 
in  terms  of  arc,  giving  finally: 


r- 


nut.   lo{,'   *    ^_  . 0.88625   1 


(95) 


Nat.  K>jj  .V=2.3U2f)8r)  Ioff,„  X 


K.   Ludlow  (lould"  jrivos  the  followinjy  formula,  identical  with  the 
above  except  in  the  form  of  the  constant  of  integration: 


J= 


3( 


nat.  \og 


// 


-r^\ 


(96) 


r—  rr  as  before.     (lOuld  does  not  consider  ^r  constant,  but  derives 

the  values  of  the  function   in  brackets  for  various  values  of  /•,  from 
which  the  following  table  has  been  derived: 


1-V^ 


Valu&t  of  0,  GouUT a  formula. 


0.0 
.1 
.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 


0.00000. 

.1532 

.3137 

.4865 

.674' 

.8876 

1. 1489 

1.47921 

1.9141,1. 

2.  6129^2 


0153 
16854 

:«oi 

5047 
6960 
9137 
1750 
5145 
,9658 
7681 


0.  0306 
.18:^8 
.:^64 
.5229 
.  7173 
.  9399 

1.  2012 
1.5498 
2. 0176 
2. 9233 


0.0459 

0.  0(n3 

0.0766 

.1992 

.  2155 

.2319 

.;^28 

.3791 

.3955 

.5411 

.  5593 

.  5775 

.7386 

.7598 

.7811 

.9660 

.  9921 

1. 0183 

1.2322 

1.  2674 

1.3027 

1. 5851 

1.6203 

1.6556 

2. 0715 

2.1488 

2.  2262 

3.0785 

3.  2347 

3.3889 

0.0919 

.2483 

.4137' 

.  59571 

.8024, 

1.0444 

1.3380| 

1.  7073 

2.3035: 

3.5441 


0. 1072| 

.2646 

.4319 

.6139 

.  823" 

1.  07051 

1.3733 

1.7590 

2.3808 

4.0096 


0.  1226|0. 

.2810]  . 

.4501;  . 

.6:^21    . 

.8450  . 
1.09661. 
1.40861. 
1.81071. 
2.45822. 
4.4750I4. 


13788 

2973 

4683 

6534 

8663 

1128 

4439 

8624 

5355 

9406 


a  Engineering  News,  Dec.  5, 1901,  pp.  4S(M81. 
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We  may  write  formula  (9) 


151 


(98) 


R.  S.  Woodward  suggests  the  formula  " 
where  X=sin-'  -y''^:^*  =8in-'  T^^ 


(99) 


This,   like  the  preceding  expressions,  becomes  infinity  when  the 

integral  is  carried  over  the  entire  range  X=0  to  X=-,  conforming 

2 

with  the  physical  conditions. 
The  writer   has  evaluated    this   function   for  finite  values  of  -^ 

by  mechanical  quadrature,  as  shown  in  the  diagram,  PI.  XXXVIII. 
The  diagram  illustrates  the  rapid  rise  until  a  head  closely  approaching 
If^  is  attained,  occupying  a  comparatively  short  time  interval,  while 
for  further  increments  of  head  the  time  interval  is  relatively  very 
great. 

E.  Sherman  Gould*  gives  the  same  integral  developed  as  an  infinite 
series 


where 


2+3J  ■ 


(100) 


-a>[^f+f+--+m,] 


a  Engineering  News,  December  5,  1901,  p.  431. 

b  Engineering  News,  November  14, 1901,  pp.  362-368. 
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If  we  write 

then  Frizeirs  formula  may  be  written  T=Fxp  (  jr  ) 

E.  L.  (rould's  formula  may  l)e  written  T=Fx  ^\~Tr) 

Woodward's  formula  may  he  written  T=^^lF^  \7f) 

E.  Sherman  Gould's  formula  may  be  written  T=Fx  ^  (jr  ) 

The  formulas  are  therefore   identical,  the   transcendental  factors 
bearing  the  relation, 

The  E.  L.  Gould,  Woodward,  and  E.  S.  Gould  formulas  are  appli- 
cable for  any  value  of  the  ratio  r, .     That  of  Frizell  can  be  strictly 

JT 

applied  only  when  rr  is  nearly  unity.     In   the  E.  S.  Gould  formula 
''« 

^\~fT)  converges  very  slowly  as  the  argument  approaches  unity. 

For  rough  calculations  E.  S.  Gould  gives  the  rule 

TI-TCL{fxlI)^=SH 
where  //   is   the  coefficient  in  the  weir   formula  for  reducing  final 


head  to  mean  head. 


T=        -^ 3 (103) 


The  ratio  //  of  the  constant  mean  head  which  would  give  the  total 
discharge  Sl/in  the  time  The  finds  by  trial. 
E.  S.  Gould  gives  the  values 

/i=0.()7  for  small  values  of  // 
to  //  =  ().  75  for  large  values  of  H. 

Comparing  the  formulas, 

I^t  >l9=  1,000,000  square  feet 

(7=3.33=^ 
o 

Z=100 

7=10,000  cubic  feet  per  second 

Z/<,=('-~^*=80*=9.655  feet. 
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Required  the  time  to  rise  to  a  height  /4=0.9//=S.68i^5  feet. 

i^=— ^=643.5 

Frizell  (95)  r=  1677.6  seconds. 

E.  L.  Gould  (96)  r=  1681.5  seconds. 

Woodward  (99)  7^=1660.2  seconds. 

E.  S.  Gould  (approximate)  (103)  T=1488.3  seconds. 

The  difference  in  the  value  of  T  by  the  first  three  formulas  repre- 
sents the  difference  in  the  values  of  the  transcendental  portions  of  the 
equations  as  evaluated  by  different  methods. 

The  time  required  to  rise  from  ^  to  77^  will  be  the  difference  of 
the  times  71  and  T^  by  the  above  formulas. 

NONPRISMATIC  RESERVOIR,  UNIFORM  INFLOW. 
P.  P.  L.  O'CONNELL." 

Representing  the  reservoir  by  a  cone  having  its  apex  at  distance  A^ 
below  plane  of  the  overflow, 

Area  at  overflow  level      =  S^  —  7r{aAY  I  (\()X\ 

Area  at  any  other  level     =S—  ;r[a(^l+7/)]*  j 

where  ot  is  the  slope  of  the  sides,  or  where  there  is  a  foot  horizontal 
run  to  1  foot  vertical  rise.  From  (104)  with  S^  and  a  given,  A  may 
be  determined. 


Where  the  factor 


[- 


6Ii 


H gj  V3  tan 


(105) 


a  MullinB'8  Irrigation  Manual. 


Digitized  by  VjOOQIC 


154        WEIR    EXPER1MKNT8,   COEFFICIENTS,   AND    FORMULAS. 

E.  L.  GOULD. « 

Calling  /  the  angle  of  inclination  of  the  banks,  7*^  the  perimeter,  at 
spillway  level,  exclusive  of  overflow, 


S^S^+Bff+Bjr  where  B=  l\  cot  i 
H 
7/, 


B^  —  7t  cot  /*     r— 


ZI^C^I} 


r(.V,(6X)^+^(/6'Z)*)  nat  log  ^^^ 
-{SXCL)^  -  B{WLf)  V3  {tan-  ^-^^f^-f  | 

-/AiMnat.log(l-r^)+rn_^(/(7Z)*Vr  •      (1^^) 

For  /=90^  and  B=0,  the  above  formula  reduces  to  (96),  the  equa- 
tion for  a  prismatic  reservoir. 

VARIABLE  INFLOW,  NONPRISMATIC  RESERVOIR. 

This  problem  may  be  solved  by  dividing  the  reservoir  into  successive 
levels,  and  solving  by  the  formulas  previously  given,  as  if  each  layer 
represented  a  portion  of  a  reservoir  with  a  constant  inflow  equal  to 
the  average  rate,  or  if  the  formulas  for  prismatic  reservoir  are  used, 
then  each  layer  will  be  supposed  to  represent  a  portion  of  a  prismatic 
reservoir  of  area  equal  to  the  average  area  of  the  la3'er. 

Mullins's  formula  ma}^  often  be  more  conveniently  used  and  a  better 
solution  be  obtained  than  by  attempting  to  average  the  area  and  inflow, 
as  would  be  necessary  to  apply  the  analytical  formulas  given. 

The  general  differential  equation  for  rise  in  time  Twith  a  variable 
inflow  and  reservoir  area  is 

{I-Q)dT=SdIl      ......     (107) 

If  we  can  express  /as  a  function  of  T,  and  S  and  Q  as  functions  of 
H^  and  integrate  between  the  limits  H—0^  II— H^^  we  may  obtain  an 
equation  between  /Tand  T  similar  to  those  given  for  prismatic  reser- 
voirs with  constant  inflow. 

We  may  write  the  ordinary  weir  formula, 

(?=  rz//^. 


a  Loc.  cit. 
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The  area  S  can  usually  be  readily  expressed  in  terms  of  the  area  at 
crest  level  and  slope  of  the  reservoir  sides  (assumed  constant  within 
the  naiTow  limits  0,  IT);  the  inflow  A  often  increases*  nearly  as  a  linear 
function  of  T while  a  stream  is  rising  rapidly;  we  have,  then, 

Substituting  in  (107) 

{r,+fT-CLni)dT={s,+^a^s,n+a^n')dH  .   (los) 

The  complete  primitive  of  this  differential  equation  can  be  deter- 
mined only  as  an  infinite  series.* 

Rivers  during  flood  usually  rise  rapidly  and  fall  slowly.  The  time- 
inflow  function  can  sometimes  be  approximated  by  a  modified  sinusoid. 

/=I,+I^sm{b4 (109) 

where  7i=or>l 

r=Total  duration  of  flood. 
^=Maximum  mte  of  inflow. 

Tfn=TimQ  elapsed  from  beginning  of  rise  to  maximum. 
The  constants  are  so  chosen  that  the  arc  value  of  the  duration  of 
the  flood  from  stage  I^  through  to  the  same  stage  is  ;r,  or, 

1  Tin 

{bt)^=7r  l=Y (110) 

For  the  maximum  we  will  have,  differentiating  (109), 

cos(J7;j^=0,  or(Jrj»=|    .     .     .    (Ill) 

,      1    /^V    n^  T     ^ 

orl=jr^^^)=^         or        ^^=^n 

7»=log  £x  1^=3.32204  log  (^£^     .     .     .      (112) 

common  logarithms  being  used. 

If  r=1000  and  if  r^=200,  then  n=3.322  log  5=2.322, 

J= j^=0.0143,  and  -=0.43066 

aSeddoD,  James  A.,  C.  E.  (Proc.  Am.  Soc.  C.  E.,  vol.  24,  June,  1S98,  pp.  659-598),  haa  solved  equation 
(106)  for  the  Great  Lakes  reservoir  system,  assuming  an  annual  cycle  following  the  law  I^Jtn-^-A 
sin  r,  Jm,  heing  the  mean  inflow  and  Tthe  time  arc  on  a  circle  whose  circumference  represents  one 
year.    He  also  assumes  Q^Qo-^bH,  or  a  linear  function  of  the  height  H. 
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Example  of  variahfe  Hood  dm'fiarge  computed  by  formula  {109). 


!  t,\l\  svv- 

1     Gilds. 

m 

loK  \ht) 

1 

I 

(W)" 

1.1667 

Angle. 

1 

8in  (M)" 

100 

1.48 

0.;55336 

0. 066^5 

0 

66 

/ 
55 

0.9199 

200 

2.86 

. 456366 

.196694 

1.573 

90 

00 

1.0000 

300 

4.29 

.  6:^2457 

. 27259 

1.8732 

107 

21 

.9938 

400 

5.72 

.757396 

.32644 

2.1206 

121 

08 

.8560 

500 

7.15 

^    .a54306     ; 

. 36820 

2.3346 

133 

49 

.  7216 

600 

8.58 

. 933487     j 

.40;>33 

2.5254 

144 

42 

.5779 

700  , 

10.01 

1.000434     ' 

.43100 

2.  6978 

155 

00 

.3907 

800 

11.44 

l.a58426     1 

.45618 

2.8588 

163 

52 

.2779 

900 

12.87 

1.109578 

.47790 

3.0054 

172 

12 

.1320 

The  form  of  the  graph  of  the  flood  may  be  determined  by  plotting 
the  quantities  in  the  last  column  of  this  table  in  terms  of  t.  The 
resulting  curve  rises  rapidly  to  a  maximum  Afhen  ^=200,  after  which 
it  descends  slowly. 

TABIiES  FOR  CAIjCUIiATIONS  OF  WEIR  DISCHARGE. 

The  investigations  at  Cornell  University  have  greatly  extended  the 
limit  for  which  weir  coefficients  are  definitely  known.  The  experi- 
ments of  Bazin  did  not  reach  beyond  1.8  feet  head  maximum.  The 
tables  of  Francis  for  thin-edged  weirs  extended  to  a  head  of  3  feet. 

The  experiments  at  Cornell  have  furnished  the  coefficients  for  a 
variety  of  weir  fonns  for  heads  up  to  4,  5,  and  6  feet.  At  such  heads 
the  nappe  form  has  become  stable  for  nearly  all  forms  of  weirs.  We 
may  now  predict  the  probable  extension  of  the  coefficient  curves  for 
higher  beads  with  more  confidence  than  could  be  done  by  starting 
from  a  lower  datum. 

Owing  to  their  usefulness  in  the  approximate  determination  of  flood 
discharges,  the  weir  tables  have  been  carried  up  to  a  head  of  10  feet. 

In  the  tables  here  given  the  head  is  uniformly  expressed  in  feet. 
For  computing  the  flow  over  irrigation  modules  and  other  small  weirs 
where  the  head  is  measured  in  inches,  weir  tables  expressed  with  the 
inch  as  the  argument  of  head  are  convenient.  Numerous  tables  of 
this  character  are  available.     The  following  may  be  referred  to: 

The  Emerson  weir  tables,  computed  by  Charla  A.  Adams,  pages  251-286  of  Emer- 
son's Hydrodjmamics,  published  by  J.  and  W.  Jolly,  Holyoke,  Mass.  These  give 
discharge  in  cubic  feet  per  minute  for  weirs  with  two  end  contractions  having  lengths 
of  2, 3,  4, 5,  6,  7,  8, 10, 12, 16,  and  20  feet.  The  discharge  is  computed  by  the  Francis 
formula  for  heads  from  0.001  foot  to  2  feet,  advancing  by  thousandths  of  a  foot,  with 
auxiliary  table  of  decimal  equivalents  of  fractional  parts  of  inches. 
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The  Measurement  and  Division  of  Water,  Bulletin  No.  27,  Agricultural  Experi- 
ment Station,  Fort  Collins,  Colo.  This  publication  gyves  tables  of  discharge  in  cubic 
feet  per  second,  computed  by  the  Francis  formula,  for  a  weir  1  f(M)t  long,  for  heads 
in  inches  and  sixteenths,  from  ^'^  inch  to  IW  inches,  with  auxiliary  table  for  end 
contractions,  and  for  velocity  of  approach  correction  by  the  Fteley  and  Steams 
rule  {H=D-rih)'  A  similar  weir  table  for  a  weir  1  inch  long  is  given.  Also  a  table 
of  discharge  for  Cippoletti  weirs  (C=3.36§),  for  lengths  of  crest  sill  of  1,  1.5,  2,  3,  4, 
5,  and  10  feet.     Head  in  inches  and  decimals  with  feet  equivalents. 

Special  Instructions  to  Watermasters  as  to  Measurements  of  Water,  State  Engineer's 
Office,  Salt  Lake  City,  Utah,  1896.  Table  of  discharge,  in  cubic  feet  per  second,  for 
1-foot  crest,  based  on  the  Francis  formula,  with  auxiliary  table  for  end  contractions 
and  velocity  of  approach.  The  head  is  expressed  in  inches  and  thirty-hecimds  (with 
univalents  in  feet)  for  ^  inch  to  36  inches.  A  similar  table  for  heads  in  inches  and 
sixteenths,  from  ^^  to  36  inches,  gives  the  discharge  in  cubic  feet  per  second  by  the 
Francis  formula  for  weirs  with  two  end  contractions  and  for  the  crest  lengths  of  1,  Ij, 
2,  2i,  3,  4,  5,  6,  7,  8,  9,  10,  11,  and  12  feet  A  table  for  trai^zoidal  weirs  (C'= 3. 367) 
of  various  crest  lengths  is  also  given. 

California  Hydrography,  by  J.  B.  Lippincott,  Water-Supply  Paper  No.  81,  United 
States  Geological  Survey.  This  publication  contains  a  table  of  weir  discharge  in 
cubic  feet  per  second  for  heads,  advancing  by  sixteenths,  from  /^  inch  to  10  inches 
(with  equivalent  decimals  of  a  foot),  for  weirs  with  two  end  contractions  having 
crest  lengths  as  follows:  4,  6,  9, 12,  15,  and  18  inches,  2,  2.5,  3,  3.5,  4,  4.5,  5,  6,  7,  8, 
9,  10,  12,  14,  16,  18,  and  20  feet.  Based  on  the  Francis  formula.  Also  publishe*!  as 
a  circular. 

The  tables  that  follow  are  all  original  computations,  with  exception 
of  the  *' Francis  weir  tables,"  page  162,  and  the  table  of  head  due  to 
various  velocities,  page  158. 

TABLE  I.— HEAD  DUE  TO  VARIOUS  VELOCITIES.a 

This  table  gives  values  of  the  expression 

based  on  the  constant  of  gravity  fdr  the  latitude  and  altitude  of  Lowell, 
Mass., 

cr=32.1618,  }  =0.01554639. 

a  FranclB,  Lowell  Hydraulic  lilxperimeDU,  extcDded. 
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Table  1. —  Values  of  h=  --,  or  heads  due  to  velocities  from  0  to  4-99  feet  per  second. 


*' 

0.00 

0.01 

0.02 
0.0000 

0.03 
0.0000 

O.Oi 

0.05 

0.06 

0.07 

0.08 

0.09 

_ 
0.0 

0.0000 

0.0000 

0.0000 

0.0000 

0.0001 

0.0001 

0.0001 

0.0001 

.1 

.0002 

.0002 

.0002 

.0003 

.0003 

.0003 

.0004 

.0004 

0005 

.0006 

.2 

.0006 

.0007 

.0008 

.0008 

.0009 

.0010 

.0011 

.0011 

•0012 

.0018  1 

.3 

.0014 

.0015 

.0016 

.0017 

.0018 

.0019 

.0020 

.0021 

•0022 

.0024 

.4 

.0U2.'» 

.002() 

.0027 

.0029 

.0030 

.0031 

.0033 

.0084 

'0036 

.0087 

.A 

.0089 

.0040 

.0042 

.0044 

.0046 

.0047 

.0049 

.0061 

•oa'>2 

.0054 

.6 

.0056 

.0058 

.  .0060 

.0062 

.OOM 

.0066 

.0068 

.0070 

•OOTi 

.0074 

.  7 

.0076 

.0078 

.0081 

.0083 

.0086 

.0087 

.0090 

.0092 

.0096 

.0097 

.8 

.0099 

.0102 

.0106 

.0107 

.0110 

.0112 

.0115 

.0118 

.0120 

.0123 

.9 

.0126 

.01*29 

.0132 

.0134 

.0137 

.0140 

.0143 

.0146 

.0149 

.0162 

1.0 

0.0156 

0. 0159 

0.0162 

0.0166 

0.0168 

0.0171 

0.0175 

0.0178 

0.0181 

0.0185 

.1 

.0188 

.0192 

.0195 

.0199 

.0202 

.0206 

.0209 

.0213 

.0216 

.0220 

.2 

.0224 

.0JK8 

.0231 

.0236 

.0239 

.0248 

.0247 

.0251 

.0256 

.0269 

.3 

.0263 

.0267 

.0271 

.0275 

.0279 

.0283 

.0288 

.0292 

.0296 

.0300 

.4 

.0305 

.0309 

.0313 

.0318 

.0822 

.0327 

.0331 

.0336 

.0841 

.0646 

.5 

.0360 

.0354 

.0359 

.0364 

.0869 

.0874 

.0878 

.0383 

.0888 

.0898 

.0 

.0398 

.0408 

.(M08 

.0413 

.0418 

.0423 

.0428 

.04S4 

.0189 

.0444 

.7 

.0449 

.0465 

.0460 

.0465 

.0471 

.0476 

.0482 

.0487 

.0498 

.0498 

.H 

.0604 

.0609 

.0615 

.0521 

.0626 

.0632 

.0638 

.0644 

.0649 

.0656 

.9 

.0661 

.0567 

.0673 

.0679 

.0686 

.0591 

.0697 

.0603 

.0609 

.0616 

2.0 

0.0622 

0.0628 

0.0684 

0.0641 

0.0647 

0.0653 

0.0660 

0.0666 

0.0673 

0,0679 

.1 

.0686 

.0692 

.0699 

.0705 

.0712 

.0719 

.0726 

.0732 

.0739 

.0746 

.2 

.0752 

.0769 

.0766 

.0773 

.0780 

.0787 

.0794 

.0801 

.0808 

.0815 

.3 

.0822 

.0830 

.0837 

.0844 

.0851 

.0869 

.0866 

.0878 

.0881 

.0688 

.4 

.0896 

.0908 

.0910 

.0918 

.0926 

.0938 

.0941 

.0948 

.0956 

.0964 

.5 

.0972 

.0979 

.0987 

.0996 

.1003 

.1011 

.1019 

.1027 

.1086 

.1043  i 

.6 

.1051 

.1069 

.1067 

.1076 

.1084 

.1092 

.1100 

.1108 

.1117 

.1126  1 

.7 

.1183 

.1142 

.1150 

.1159 

.1167 

.1176 

.1184 

.1198 

.1201 

.1210 

.8 

.1219 

.1228 

.1286 

.1245 

.1254 

.1268 

.1272 

.1281 

.1289 

.1298 

.9 

.1307 

.1816 

.1326 

.1836 

.1344 

.1363 

.1362 

.1371 

.1881 

.1890 

'  3.0 

0.1399 

0.1409 

0.1418 

0.1427 

0.1437 

0. 1446 

0.1456 

0.1465 

0.1476 

0.1484 

.1 

.1494 

.1604 

.1513 

.1623 

.1583 

.1548 

.1662 

.1682 

.1672 

.1682 

.2 

.1692 

.1602 

.1612 

.1622 

.1682 

.1642 

.1662 

.1662 

.1678 

.1683 

.3 

.1693 

.1703 

.1714 

.1724 

.1734 

.1745 

.1755 

.17«6 

.1776 

.1787 

.4 

.1797 

.1808 

.1818 

.1829 

.1840 

.1850 

.1861 

.1872 

.1883 

.1894 

.5 

.1904 

.1916 

.1926 

.1937 

.1948 

.1959 

.1970 

.1981 

.1992 

.2004 

.0 

.2015 

.2026 

.2037 

.2049 

.2060 

.2071 

.2068 

.2094 

.2106 

.2117 

.7 

.2128 

.2140 

.2161 

.2163 

.2175 

.2186 

.2198 

.2210 

.2221 

.2283 

.8 

.2245 

.2267 

.2269 

.2280 

.2292 

.2804 

.2316 

.2328 

.2840 

.2362 

.9 

.2366 

.2377 

.2389 

.2401 

.2413 

.2426 

.2488 

.2460 

.2468 

.2475 

4.0 

0.2487 

0.2500 

0.2512 

0.2525 

0.2537 

0.2560 

0.2563 

0.2576 

0.2588 

0.2601 

.1 

.2618 

.2626 

.2639 

.2652 

.2665 

.2677 

.2690 

.2708 

.2716 

.2729 

.2 

.2742 

.2765 

.2769 

.2782 

.2795 

.2808 

.2821 

.2836 

.2848 

.2861 

.3 

.2^6 

.2888 

.2901 

.2915 

.2928 

.2942 

.2905 

.2969 

.2982 

.2996 

.4 

.3010 

.3023 

.8037 

.3051 

.3066 

.8079 

.8092 

.8106 

.8120 

.8184. 

.6 

.3148 

.3162 

.8176 

.8190 

.3204 

.3218 

.3288 

.8247 

.8261 

.8275 

.6 

.3290 

.3804 

.8818 

.3838 

.3847 

.3362 

.3376 

.8890 

.3406 

.8420 

.7 

•  .3434 

.8449 

.8463 

.8478 

.8498 

.3608 

.3622 

.8687 

.3562 

.8667 

.8 

.3582 

.:i597 

.3612 

.3627 

.8642 

.8667 

.3672 

.8687 

.8702 

.8717 

1  •' 

.3733 

.3748 

.3763 

.3779 

.3794 

.3809 

.3825 

.8840 

.8886 

.88n 

1 
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This   value  will  suffice    in   ordinary   corrections    for   velocity  of 
approach  for  localities  in  the  United  States. 

Velocity  of  approa<;h  correction, 

Francis,  and  as  used  in  portions  of  this  paper  (approximate) H=D-\-h 

Fteley  and  Stearns,  contracted  weir H=D  \  l.bh 

Hamilton  Smith,  suppressed  weir H=D-\-lih 

Hamilton  Smith,  contracted  weir H=D-\\Ah 

TABLE   2.— PERCENTAGE   INCREASE   IN    DISCHARGE  BY  VARIOUS 
RATES  OF  VELOCITY  OF  APPROACH. 

This  table  has  been  calculated  from  the  Francis  correction  fonnula, 

The  p)ercentage  increase  in  discharge  over  that  at  the  same  meas- 
ured head  with  no  velocity  of  approach  is 

Percentage=lUO—     3^-  =K (113) 

i 
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^   ^   g   g5  d   w   d    00   t^   d   d   ^   ^*   ^"ei   CO   CO   eo   ci   ci   ci    ci   ci 

8.2 

0.1592 

0.0684 

dd2ocjoocid<iod»c»r5"*-i<eoo4rfeo©icicic4clci 

8 

1 

1 

a 

a 

1 
g 

8.1 

0.1494 

0.0576 

g'   og  ^  g^  »;•   ci  d  f'   d   d  -I'   'fl!   -^  eo   CO  eo   ci   ci  ci   ci   ci   ci   ci 

8.0 

0.1899 

0.0524 

g  g  ^-  d  d   ;:4  ad   t^   d   .o   ^   ^   eo   CO  CO   ci   ci  ci   ci   ci  ci  ci  »-; 

2.9 

0.1307 

0.0472 

dss^^GJoodic-^-^coeoeocicicicicicicii-Ir-i 

.11 

ci  d  d 

r^^cJt^^dt^diC'7«-^cocococicicicicii-5iHi-iiH 

2.7 

0.1188 

0.0881 

S}SSS8^§988£;3S$8SSS3S8S^8!o 

3     g     55     d     00     d     t^     d     ^     ^     CO     M     CO     ci     ci     ci     ci     ci     ^-     rH     r4     ^     P^' 

.11 

ci  d  d 

gdddcioddirf'^'^cococicicicicii-JrHrii-JrHiH 

2.5 

0.0972 

0.0808 

8gS5S88SSS53^ag8^?l$S{S§SSgS« 

ddod^^ddd-^eoeocicicicicir-7r4tHiHr4iHiH 

ci  d  d 

1 

2.8 

0.0822 

0.0236 

^SS^cjOf^'^'^weociciciciiH^'f-JiH^i-JrHr^PH 

c^ 

C|^<OcOOiOO»00»0©«0©iO©iC©iOOaC©«00 

'-  -s*^ 

d                      iH   iH    ci    ci   CO   eo   "^   -*    d   ic    d    d    r^   t^   00    X    d   d    d 
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ir>2      WKIR    KXPERIMENTS,   COEFFTCIENTB,   AND    FORMULAS. 


To  use  this  table  the  discharge  corresponding  to  the  measured  head 
D  may  be  taken  directl}^  from  Table  3  or  4  and  the  quantity  so  obtained 
increased  by  the  percentage  indicated  in  Table  2.  This  table  is  espe- 
cially useful  where  the  velocity  of  approach  is  measured  directly.  If 
the  velocity  of  approach  is  determined  from  the  approximate  discharge 

by  the  ^formula  ^'—^  successive  approximate  corrections   may  l>e 

required. 

Table  2  shows^directly  the  relative  error  introduced  by  various  veloci- 
ties of  approach.  The  large  error  introduced  by  moderate  velocities 
with  low  heads  and  the  comparatively  small  error  resulting  from 
higher  velocities  under  great  heads  are  conspicuous. 

TABLES  3  AND  4.--DISCHARGE  OVER  A  THIN-EDGED  WEIR  BY 
THE  FRANCIS  FORMULA. 

These  tables  give  the  discharge  ia  cubic  feet  per  second,  for  a  cre.st 
length  of  1  foot,  without  contractions,  computed  by  the  formula 

Table  3. — Discharge  over  a  thin-edged  toeir  per  foot  of  crest. 


Head  //,  feet. 

.000 

.001 

.002 

.008 

.004 

.006 

0.0012 

.006 

.«07 

.008 

1 
.009 



0.00 

0.0000 

0.0001 

0.0003 

0.0005 

0.0008 

0.0016 

0.0020 

0.0024 

0.0028 

.01 

.0033 

.0038 

.0044 

.0049 

.0055 

.0061 

.0067 

.0074 

.0080 

.0087 

.02 

.0094 

.0101 

.0109 

.0116 

.0121 

.0132 

.0140 

.0148 

.0166 

.0164 

.OS 

.0178 

.0182 

.0191 

.0200 

.0209 

.0218 

.0227 

.0237 

.0247 

.0256  ' 

.04 

.0266 

.0276 

.0287 

.0297 

.0307 

.0318 

.0829 

.0889 

.0850 

.0861 

.05 

.0872 

.0384 

.0396 

.0106 

.0418 

.0430 

.0441 

.0453 

.0466 

.0477 

.06 

.0489 

.0502 

.0614 

.0627 

.0639 

.0662 

.0566 

.0678 

.0690 

.0004 

.07 

.0617 

.0630 

.0643 

.0657 

.0670 

.0684 

.0098 

.0712 

.0726 

.0789 

.08 

.0753 

.0768 

.0782 

.0796 

.0811 

.0825 

.0840 

.0856 

.0869 

.0884 

.09 

.0899 

.0914 

..0929 

.0944 

.0960 

.0975 

.0990 

.1006 

.1022 

.1087 

0.10 

0.1068 

0.1069 

0.1085 

0. 1101 

0. 1117 

0.1133 

0. 1149 

0.1166 

0.1182 

0.U98 

.11 

.1215 

.1231 

.1248 

.1266 

.1282 

.1299 

.1316 

.1888 

.1350 

.1867 

.12 

.1384 

.1402 

.1419 

.1436 

.1464 

.1472 

.1489 

.1507 

.1625 

.1548 

.13 

.1561 

.1679 

.1597 

.1616 

.1638 

.1652 

.1670 

.1689 

.1707 

.1726 

.14 

.1744 

.1763 

.1782 

.1801 

.1820 

.1839 

.1868 

.1877 

.1896 

.1915 

.15 

.1935 

.1964 

.1973 

.1998 

.2012 

.2032 

.2062 

.2072 

.2091 

.21U 

.16 

.2131 

.2151 

.2171 

.2191 

.2212 

.2232 

.2252 

.2278 

.2298 

.2314 

.17 

.2334 

.2355 

.2375 

.2396 

.2417 

.2438 

.2469 

.2480 

.2501 

.2622 

.18 

.2543 

.2564 

.2586 

.2607 

.2628 

.2650 

.2671 

.2698 

.2714 

.2736  ! 

.Itf 

.2758 

.2780 

.•2802 

.2823 

.2846 

.2867 

.2890 

.2912 

.2934 

.2966 

0.20 

0.2978 

0.3001 

0.3023 

0.3046 

0.3068 

0.3091 

0.3118 

0.8136 

a  3169 

0.3182  ' 

.21 

.8205 

.3228 

.3250 

.3274 

.3297 

.3320 

.8343 

.8866 

.8389 

.8413  ' 

.22 

.3436 

.3460 

.3483 

.3507 

.3530 

.8554 

.8578 

.8601 

.3625 

.8649 

."23 

.3673 

.3697 

.3721 

.3746 

.8769 

.3794 

.8818 

.8842 

.8866 

.8891 

.24 

.3916 

.3940 

.3964 

.3989 

.4014 

.4038 

.4068 

.4088 

.4113 

.4188  . 

.25 

.4162 

.4187 

.4213 

.4238 

.4263 

.4288 

.4318 

.4889 

.4864 

.4889 

.26 

.4415 

.4440 

.4466 

.4491 

.4617 

.4643 

.4568 

.4694 

.4620 

.4646 

.27 

.4672 

.4698 

.4724 

.4750 

.4776 

.4802 

.4828 

.4855 

.4881 

.4907 

.28 

.4934 

.4960 

.4987 

.6013 

.6040 

.5067 

.5093 

.5120 

.6147 

.6174 

.29 

.5-200 

.5227 

.62M 

.5281 

.5308 

.5336 

.6863 

.5890 

.6417 

.6444 
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Table  3. — Discharge  over  a  thin-edged  ireir  per  fool  of  crest — Continued. 


;  Head  IT,  feet. 

.000  '  .001  i  .002 

.008 

.004 

.006 

.006 

0.6637 

.007 

.008 

.000 

0.30 

0.5472 

0.5499 

0.6527 

0.5664 

0.5682 

0.6609 

0.5664 

0.5692 

0.6720 

.31 

.5748 

.5775   .5803 

.5881 

.5859 

.5887 

.5915 

.5948 

.5972 

.6000 

1      .32 

.6028 

.6056  :  .6085 

.6113 

.6141 

.6170 

.6198 

.6227 

.6255 

.6284 

1      .33 

.6313 

.6341 

.6370 

.6399 

.6428 

.6457 

.6486 

.6515 

.6'>44 

.6578 

1      .34 

.6602 

.6681  1  .6660 

.6689 

.6719 

.6748 

.6777 

.6807 

.6836 

.6866 

.35 

.6895 

.6925   .6954 

.6984 

.7014 

.7043 

.7073 

.7103 

.7133 

.7168 

.36 

.7193 

.7223 

.?253 

V7283 

.7313 

.7343 

.7373 

.7404 

.7434 

.7464 

.37. 

.7495 

.7525 

.7565 

.7586 

.7616 

.7647 

.7678 

.7708 

.7739 

.7770 

.38 

.7800 

.7881 

.7862 

.7893 

.7924 

.7965 

.7986 

.8017 

.8048 

.8079 

.39 

.8110 

.8142 

.8173 

.8204 

.8235 

.8267 

.8298 

.8330 

.8361 

.8393 

0.40 

0.8424 

0.8456 

0.8488 

0.8519 

0.8651 

0.8583 

0.8615 

0.8646 

0.8678 

0.8710 

.41 

.8742 

.8774 

.8806 

.8838 

.8870 

.8903 

.8935 

.8967 

.8999 

.9032 

.42 

.9064 

.9096 

.9129 

.9161 

.9194 

.9226 

.9259 

.9292 

.9824 

.9367 

.43 

.9800 

.9422 

.9466 

.9488 

.9521 

.9564 

.9587 

.9620 

.9653 

.9686 

.44 

.9n9 

.9762 

.9786 

.9819 

.9852 

.9885 

.9919 

.9962 

.9986 

1.0019 

.46 

1.0052 

1.0066 

1.0119 

1.0153 

1.0187 

1.0220 

1.0254 

1.0288 

1.0321 

1.0355 

.46 

1.0889 

1.0428 

1.0467 

1.0491 

1.0625 

1.0559 

1.0693 

1.0627 

1.0661 

1.0696 

.47 

1.0790 

1.0764 

1.0798 

1.0883 

1.0867 

1.0901 

1.0936 

1.0970 

1.1005 

1.1039 

.48 

1.1074 

1.1109 

1.1148 

1.1178 

1.1218 

1.1248 

1.1282 

1. 1317 

1.1352 

1.1387 

.49 

1.1422 

1.1457 

1.1492 

1.1627 

1.1662 

1.1697 

1.1632 

1.1668 

1.1703 

1.1738 

0.50 

1.1778 

1.1809 

1.1844 

1.1879 

1. 1916 

1.1950 

1.1986 

1.2021 

1.2067 

1.2098 

.51 

1.2128 

1.2164 

1.2200 

1.2235 

1.2271 

1.2307 

1.2343 

1.2379 

1.2415 

1.2451 

.52 

1.2487 

1.2528. 

1.2559 

1.2695 

1.2631 

1.2667 

1.2703 

1.2740 

1.2776 

1.2812 

.68 

1.2849 

1.2885 

1.2921 

1.2958 

1.2994 

1.8081 

1.3067 

1.3104 

1.3141 

1.3177 

.hi 

1.3214 

1.8251 

1.3287 

1.8824 

1.3861 

1.3398 

1.3485 

1.3472 

1.3609 

1.8546 

..>•> 

1.3383 

1.8620 

1.3667 

1.8694 

1.3731 

1.3768 

1.3806 

1.3848 

1.3880 

1.8918 

.66 

1.3965 

1.9992 

1.4080 

1.4067 

1.4105 

1.4142 

1.4180 

1.4217 

1.4255 

1.4293 

.57 

1.4330 

1.4368 

1.4406 

1.4444 

1.4481 

1.4519 

1.4657 

1.4595 

1.4683 

1.4671 

.68 

1.4709 

1. 4747 

1.4786 

1.4828 

1.4862 

1.4900 

1.4938 

1.4976 

1.5014 

1.5063 

.60 

1.6091 

1.5180 

1.5168 

1.5206 

1.5245 

1.5283 

1.5322 

1.5361 

1.5399 

1.6438 

0.60 

1.5476 

1.5615 

1.5554 

1.5598 

1.5631 

1.6670 

1.5709 

1.5748 

1.6787 

1.5826 

.61 

1.5665 

1.5904 

1.5943 

1.5982 

1.6021 

1.6060 

1.6100 

1.6189 

1.6178 

1.6217 

.62 

1.6257  1.6296 

1.6385 

1.6375 

1.6114 

1.6454 

1.6493 

1.6583 

1.6572 

1.6612 

.68 

1.6652 

1.6691 

l.(r781 

1.6T71 

1.6810 

1.6860 

1.6890 

1.6930 

1.6970 

1.7010 

.64 

1.7060 

1.7090 

1.7180 

1.7170 

1.7210 

1.7250 

1.7290 

1.7330 

1.7370 

1.7410 

.66 

1.7461  ;  1.7491 

1.7681 

1.7572 

1.7612 

1.7662 

1.7693 

1.7738 

1.7774 

1.7814  i 

.66 

1.7865 

1.7896 

1.7986 

1.7977 

1.8018 

1.8058 

1.8099 

1.8140 

1.8181 

1.8221 

.67 

1.8262 

1.8306 

1.8344 

1.8385 

1.8426 

1.8467 

1.8508 

1.8549 

1.8590 

1.8632 

.68 

1.8678 

1.8714 

1.8766 

1.8796 

1.8838' 

1.8879 

1.8920 

1.8962 

1.9008 

1.9045 

.69 

1.9066 

1.9128 

1.9169 

1.9211 

1.9252 

1.9294 

1.9386 

1.9377 

1.9419 

1.9461  1 

0.70 

1.9606 

1.9544 

1.9586 

1.9628 

1.9670 

1.9712 

1.97M 

1.9796 

1.9888 

1.9880 

.71 

L9922 

1.9964 

2.0006 

2.0048 

2.0091 

2.0183 

2.0175 

2.0217 

2.0260 

2.0802 

.72 

2.0844 

2.0387 

2.0429 

2.0472 

2.0614 

2.0657 

2.0599 

2.0642 

2.0684 

2.0727 

.73 

2.0770 

2,0812 

2.0655 

2.0898 

2.0941 

2.0983 

2.1026 

2.1069 

2. 1112 

2.1155  1 

.74 

2.1196 

2.1241 

2.1284 

2.1827 

2.1370 

2. 1413 

2.1466 

2.1499 

2.1543 

2.1686  ■ 

.76 

2.1629 

2.1672 

2.1716 

2.1769 

2.1802 

2.1846 

2.1889 

2.1932 

2.1976 

2.2019 

.76 

2.2068 

2.2107 

2.2160 

2.2194 

2.2237 

2.2281 

2.2325 

2.2369 

2.2412 

2.2456  i 

.77 

2.2500 

2.2544 

2.2688 

2.2682 

2.2676 

2.2719 

2.2763 

2.2807 

2.2851 

2.2896 

.78 

2.2940 

2.2984 

2.9028 

2.8072 

2.8116 

2.3161 

2.3206 

2.3249 

2.3293 

2.8338  ' 

.79 

2.8882 

2.8427 

2.8471 

2.8516 

2.3560 

2.3604 

2.8649 

2.3694 

2.8738 

2.3783 

1 
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Table  8. — Discharge  over  a  thin-edged  weir  per  foot  of  crest — Continued. 


Head  //.  feet. 

.000 

.001 

.002 

.oos 

2.3962 

.004 

.006 

.006 

.007 

.008 

.000 

o.«o 

2. 3828 

2.3872  2.8917 

2.4006  2.4061 

2.4096 

2. 4141 

2.4186 

2.4231 

.81 

2. 4276 

2.4321  2.4866 

2.4411 

2.4456  2.4501 

2.4646 

2.4691 

2.4636 

2.4681 

.82 

2.4727  2.4772  Z4817 

2.4862 

2.4908  2.4958 

2.4999 

2.5044 

2.5089 

2.5135 

.83 

2.5180  2.5226  2.5271 

2.5317 

2.5363  2.5108 

2.6454 

2.5600 

2.5615 

2.5591 

.84 

2..%37  1  2.5683  2.5728 

2.5774 

2.5820  2.5866 

2. 5912 

2.5058 

2.6004 

2.6050 

.8.5 

2.609^  2.6142  2.6188 

2.6284 

2,6280  2.6327 

2.6878 

2.6419 

2.6465 

2.6511 

.86 

2.6558  2.6604  2.6660 

2.6697 

2.6748  2.6790 

2.6836 

2.6883 

2.6929 

2.6976 

.87 

2.7022  2.7069  '  2.7116 

2.7162 

2.7209  2.7*256 

2.7302 

2.7349 

2.7896 

2.7443 

.88 

2.7490  ^  2.7536  2.7.583 

2.7630 

2.7677  2.7724 

2.7771 

2.7818 

2.7865 

2.7912 

.89 

2.7969  '  2.8007  ,  2.8054 

2.8101 

2.8148  2.8196 

2.8248 

2.8200 

2.8387 

2.8385 

0.90 

2.8432  2.M79  ,  2.8527 

2.8574 

2.8622  2.8669 

2.8717 

2.8764 

2.8812 

2.8860 

.91 

2.8907  2.8955  2.9003 

2.9050 

2.9098  2.9146 

2.9191 

2.9241 

2.9289 

2.9337 

.92 

2.9385 

2.9433 

2.9181 

2.9629 

2.9577  2.9625 

2.9673 

2.9721 

2.9769 

2.9817  , 

.93 

2.9865 

2.9914 

2.9962 

8.0010 

3.0058  3.0107 

3.0166 

8.0208 

3.0262 

8.0300 

.94 

3.0348 

3.0397 

3.0445 

8.0494 

8.0542  3.0591 

8.0689 

3.0688 

8.0737 

8.0785 

.95 

8.0834  3.0883  \   8.0931 

8.0980 

3. 1029  8. 1078 

3.1127 

8. 1175 

8.1224 

3.1273 

.96 

3.1322  3.1371  '  8.1420 

3.1469 

3. 1518  8. 1667 

3.1616 

8.1665 

8.1714 

8.17&4 

.97 

8. 1813  \   3. 1862  ,  8. 1911 

3.1960 

8.2010  8.2059 

8.2108 

8.2168 

8.2207 

8.2257 

.98 

8.2306  3.2365  3.2405 

8.2464 

8.25(M  8.2554 

8.2608 

8.2653 

3.2702 

3.2752 

.99 

3.2802  i  3.2851  3.2901 

3.2951 

3. 3001  3. 3061 

3.8100 

3.8160 

8.3200 

8.8250 

1.00 

1 
3.3300  3.8350  8.8400 

3.34.50 

8.3500  3.3550 

3.8600 

3.3650 

3.3700 

8.3751 

.01 

3.3801  1  3.38.51  8.3901 

3.3951 

3.4002  8.4062 

8.4102 

8.4158 

8.4208 

8.4254 

.02 

3.4304  3.4854  ,  8.4405 

3.4465 

3.4506  8.4567 

3.4607 

3.4668 

8,4708 

8.4759 

.08 

3.4810  8.4860  3.4911 

3.4962 

8.6018  8.5068 

8.6114 

8.5166 

8.6216 

8.6267 

.04 

3.5318  3.5369  3.5420 

3.5471 

3.5522  8.5578 

8.5624 

3.5675 

8.6726 

8.5777 

.05 

3.6828  3.5880  8.5981 

3.5982 

3.6038  ;  8.6085 

3.6186 

8.6187 

8.6239 

8.6290  , 

.06 

8.6842 

3.6398  3.6444 

3.6496 

3.6547  :  8.6599 

3.6651 

3.6702 

8.6754 

3.6805 

.07 

8.6857 

8.6909  3.6960 

3. 7012 

3.7064  3.7116 

8.7167 

8.7219 

3.7271 

3.782S  \ 

.08 

3.7376 

8.7427  3.7479 

3.7531 

3.7583  3.7636 

3.7687 

3.7789 

8.7791 

8.7843  ' 

.09 

3.7896 

3.7947  3.8000 

3.8062 

3.81(M  3.81.56 

3.8209 

3.8261 

8.8313 

3.8866 

1.10 

3.8418  3.8470  3.8523 

3.a575 

3.8628  3.8680 

3.8788 

3.8785 

8.8888 

8.8890 

.11 

8.8943  '  3.8996  3.9(M8 

,3.9101 

3.9164  8.9206 

3.9259 

8.9812 

a.  9866 

8.9418 

.12 

3.9470  3.9528  3.9676 

3.9629 

3.9682  3.9735 

8.9788 

3.9841 

8.9894 

3.9947 

.18 

4.0000  4.0053  {  4.0106 

4.0160 

4.0218  4.0266 

4.0819 

4.0872 

4.0426 

4.0479  ; 

.14 

4.0532  4.0586  |  4.0639 

4.0692 

4.0746  4.0799 

4.0863 

4.0906 

4.0960 

4.1013  1 

.16 

4.1067 

4. 1120  4. 1174 

4.1228 

4.1281 

4.1885 

4.1389 

4.1442 

4.1496 

4.1560 

.16 

4.1604 

4.1657.  4.1711 

4.1765 

4. 1819 

4.1878 

4.1927 

4.1981 

4.2085 

4.2089 

.17 

4.2143 

4.2197  4.2251 

4.2305 

4.2369 

4.2418 

4.2467 

4.2522 

4.2576 

4.2680 

.18, 

4.2684 

4.2738  i  4.2793 

4.2847 

4.2901 

4.2956 

4,8010 

4.8065 

4.3119 

4.3178 

.19 

4.8228 

4.3282  4.3837 

4.3892 

4.3446 

4.8601 

4.8655 

4.8610 

4.8665 

4.3719 

1.20 

4.3774 

4.3829  4.3883 

4.8938 

4.3993 

4.4048 

4.4108 

4.4168 

4.4212 

4.4267 

.21 

4.4322 

4.4377  4.4482 

4.4487 

4.4.542 

4.4597 

4.4662 

4.4707 

4.4768 

4.4818 

1     .22 

4.4873 

4.4928  4.4983 

4.6038 

4.5094 

4. 5149 

4.5204 

4.6260 

4.5815 

4.6870  1 

i     .23 

4.5426 

11.6481  4.5537 

4.5692 

4.5647 

4.5703 

4.6759 

4.6814 

4.5870 

4.6926 

.24 

4.6981 

4.6036  4.6092 

4.6148 

4.6203 

4.6259 

4.6816 

4.6871 

4.6427 

4.6482 

.25 

4.6688  j  4.6594  4.6650 

4.6706 

4.6762 

4.6818 

4.6874 

4.6980 

4.6986 

4.7042 

.26 

4.7098  14.7154  4.7210 

4.7266 

4.7322 

4.7378 

4.7436 

4.7491 

4.7547 

4.7608 

.27 

4.7660  4.7716  4.7772 

4.7829 

4.7885 

4.7941 

4.7998 

4.8064 

4.8111 

4.8167 

.28 

4.8224 

4.8280  1  4.8337 

4.8893 

4.8460 

4.8506 

4.8568 

4.8620 

4.8676 

4.8788 

.29 

4.8790  4.8847  4.8008 

4.8960 

4.9017 

4.9074 

4.9181 

4.9187 

4.9244 

4.9301 
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Table  3. — Discharge  over  a  thin-edged  weir  per  foot  of  cred — CV)n tinned. 

.007 


I  Head  ^,  feet.     .000   i    .001    |    .002    i    .008       .004 


1.30 
.81 
.32 
.33 
.34 
.35 


.38 
.39 

1.40 
.41 
.42 
.43 
.44 
.45 
.46 
.47 
.48 
.49 

1.50 
.51 
.52 
.53 
.54 
.55 
.56 
.57 
.58 
.69 

Leo 

.61 
.62 
.68 

.64 
.65 
.66 
.67 


1.70 
.71 
.72 
.78 
.74 
.75 
.76 
.77 
.78 
.79 


4.9358 
4.9929 
5.0502 
6. 1077 
5.1654 
5.2233 
5.2814 
5.3398 
5.3984 
5.4572 

5.5162 
5.5754  I 
5.6348  ; 

I  5.6944 
5.7542  I 
5.8143 

I  5.8745 
5.9350  . 

I  5.9957 
6.0565 

I  6.1176 
,  6.1789  I 
I  6.2404  I 
6.3020  j 
6.3639  ' 
6.4260 
6.4883  , 
6.5508  j 
6. 6135  I 
6.6764 

6.7894  I 

6.8027 

6.8662  I 

6.9299  ' 

6.9987 

'  7.0578  j 

j  7.1221 

I  7. 1865  j 

7.2512  I 

I  7.3160 

7.3810  I 

7.4463 

7.5117  j 

7.5773  ' 

I  7.6431 

7.7091  I 

7.7762 

j  7.8416  j 

I  7.9081  I 

1  7.9749  i 


4.9415 
4.9986 
5.0659 
5.1134 
5.1712 
6.2291 
5.2873 
5.3456 
5.4142 
5.4630 

5.5221 
5.5813 
5.6407 
5.7004 
5.7602 
5.8203 
5.8806 
5.9410 
6.0017 
6.0626 

6.1287 

6.1850 

6.2465 

6.3082 

6.8701 

6.4322 

6.4945 

6.6670 

6.6198  I 

6.6827 

6.7458  j 

6.8091 

6.8726 

6.9368 

7.0001  j 

7.0642 

7.1285  j 

7.1980 

7.2576 

7.3226  I 

7.3876 
7.4628  I 
7.5182  ! 
7.5839  . 
7.6497  I 
7.7157 
7.7819 
7.8482 
7.9148 
7.9816 


4.9472 
5.0043 
5.0616 
5. 1192 
5. 1769 
5.2349 
5.2931 
5.3515 
6.4101 
5.4689 

5.5280 

5.5872 

5.6467 

5.7064 

5.7662 

5. 

5.8866 

6.9471 

6.0078  j 

6.0687 

6.1298 
6.1912  : 
6.2627 
6.3144  I 
6.8763  I 
6.4385 
6.5008 
6.5688 
6.6260 
6.6890  I 

6.7521 

6.8154 

6.8789  I 

6.9426 

7.0066 

7.0706  I 

7.1349 

7.1994 

7.2641 

7.3290 

7.3941 

7.4693 

7.5248  j 

7.5904  ' 

7.6663 

7.7228 

7.7885 

7.8649  I 

7.9215 

7.9882 


4.9529 
6.0100 
5.0674 
5. 1249 
5.1827 
5.2407 
5.2989 
5.3673 
5.4160 
5.4748 

5.5339 
I  5.5932 
5.6526 
5. 7123 
5.7722 
5.8323 
5.8926 
5.9532 
I  6.0189 


4.9586 
I  5.0158 
;  5.0731 

6.1307 

5.1885 
,  5.2465 
i  6.3048 
I  6.3632 
I  5.4219 

5.4807 

!  5.5398 
,  5.5991 

6.6586 
'  5.7183 

5. 7782 
^  6.8384 

5.8987 

5. 9592 
I  6.0200 


.005 


4.9643 
6.0216 
5.0789 
6.1366 
6.1943 
6.2523 
5.3106 
5.3691 
5.4277 
5.4866 

5.5457 

5.6050 

5.6646 

j  5.7-243 

'  5.7842 

I  5.8444 


.006 


I  5.9047 
I  5.9653 
6.0261 
6.0748  '  6.0809  6.0870 


6.1360 
6.1973 
6.2588 
6.3206 
6.3825 
6.4447 
6.5070 
6.5696 
6.6323 
6.6953 

6.7584 
6.8217 
6.8853 
6.9490 
7.0129 
7.0771 
7. 1414 
7.2059 
7.2706 
7.3355 

7.4006 
7.4659 
7.6313 
7.6970 
7.6628 
7.7289 
7.7951 
7.8616 
7.9281 
7.9949 


6.1421 
6.2034 
6.2650  I 
6.3268  I 
6.3887 
6.4509 
6.6133  ! 
6.5758 
6.6386 
6. 7016 

6.7647 
6.8281  I 
6.8916 
6.9654 
7.0193  I 
7.0836  ] 
7. 1478 
7.2124 
7.2771 
7.3420 


6.1482 
6.2096 
6.2712 
6.8830 
6.3949 
6.4571 
6.6195 
6.5821 
6.6449 
6. 7079 

6.7711 
6.8844 
6.89H0 
6.9618 
7.0258 
7.0899 
7.1643 
7.2188 
7.2836 
7.3485 


7.4071 

7.4136 

7.4724 

7.4789 

7.5379 

7.5445 

7.6036 

7.6102 

7.6694 

7.6760 

7.7356 

7.7421 

7.8018 

7.8084 

7.8682 

7.8748  ■ 

7.9848 

7.9116 

8.0016 

8.0083 

4.9700 
5.0272 
6.0846  j 
6.1428  ! 
5.2001  ' 
5.2582  j 
5.3161  I 
5.8749 
5.4336  I 
6.4925 

5.6516 
5.6110  j 
5.6705  I 
5.7303  ' 
5.7902 
6.8504 
5.9108 
5. 9714 
6.0322 
6.0931 

6.1543 

6.2157 

6.2773 

6.8391 

6.4012 

6.4634 

6.5258 

6.5884  , 

6.6512 

6.7142 

6.7774 
6.8408 
6.9044 
6.9682 
7.0322 
7.0963 
7.1607 
7.2253 
7.2901 
7.8')60 

7.4201 
7.4855 
7.5510 
7.6167 
7.6826 
7.7487 
7.8160 
7.8815 
7.9482 
8.0160 


4.9757 
5.0330 
5.0904 
6.1480 
6.0259 
5.2640 
5.3223 
6.3808 
5.4395 
5.4984 

5.6576 
5.6169 
5.6765 
6.t363 
5. 7962 
5.8564 
5.9168 
5.9774 
6.0382 
6.0993 

6.1605 
6.2219 
6.2835 
6.3463 
6.4074 
6.4696 
6.5320 
6.5946 
6.6675 
6.7205 

6.7887 
6.8471 
6.9108 
6.9746 
7.0386 
7.1028 
7. 16T2 
7.2318 
7.2965 
7.3616 

7.4267 
7.4920 
7.5576 
7.6233 
7.6892 
7.7554 

I  7.8217 
7.8882 

'  7.9648 
8.0217 


008        .000 


4.9814 
5.0387 
5.0961 
5.1688 
5.2117 
5.2698 
5.3281 
5.3866 
5.4464 
5.5043 

5..'i636 
5.6229 
5.6825 
5.7423 
5.8023 
5.8626 
5.9229 
5.9835 
6.(V448 
6.1054 

6.1666 
6.2280 
6.2897 
6.3515 
6.4136 
6.4758 
6.5383 
6.6009 
6.6638 
6.7268 

0.7901 
6.8635 
6.9171 
6.9810 
7.0460 
7.1092 
7.1786 
7.2382 
7.3030 
7.8680 

7.4332 

7.4986 
7.5641 
7.6299 
7.6958 
7.7620 
7.8283 
7.8948 
7,9615 
8.0284 


4.9872 
5.0444 
6. 1019 
6.1596 
5.2176 
5.2756 
5.3340 
5.3925 
5. 4518 
6.5102 

5.5694 
5.6288 
5.6884 
5. 7482 
5.8083 
5.8685 
5.9289 
5.9896 
6.a504 
6.1116 

6.1727 
6.2342 
6.2959 
6.3577 
6.4198 
6.4821 
6.6445 
6.6072 
6.6701 
6.7381 

6.7964 
6.8598 
6.9285 
6.9874 
7.0614 
7.1156 
7.1801 
7.2447 
7.3095 
7.3745 

7.4397 
7.5051 
7.5707 
7.6366 
7. 7024 
7.7686 
7.8349 
7.9015 
7.9682 
8.0351 
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1(56         WEIR    KXPKRIMENTS,    COEFFICIENTS,    AND    FORMULAS. 
Table  3. — Discharge  over  a  thin-edged  weir  per  fool  of  cre^t — CJontinued. 


Head  H,  feet. 

.000 

.001 

.002 

.oos 

.004 

.006 

.006 

.007 

.006 

.000 

1.80 

8.0418 

8.0485 

8.aV)2 

8.0619 

8.0686 

8.0753 

8.0820 

8.0888 

8.0965 

8.1022 

.81 

8.1089 

8. 1156 

8.1228 

8.1291 

8.1858 

8.1426 

8.1498 

8.1560 

8.1627 

8.1695 

.82 

8.1762 

8.1829 

8.1897 

8.1964 

8.2032 

8.2099 

8.2167 

8.2234 

8.2802 

8.2369 

.83 

8.2437 

8.2504 

8. 2572 

8.2640 

8.2707 

8.2775 

8.2842 

8.2910  8.2978 

8.3046 

.84 

8.3113 

8. 3181 

8.8249 

8.8317 

8.3385 

8.8462 

8.3620 

8.8588 

8.8656 

8. 3?24 

.85 

8.3792 

8.3860 

8.3928  1  8.3996 

8.4064 

8.4132 

8.4200 

8.4268 

8.4386 

8.4404 

.86 

8.4472 

8.4540 

8.4608 

8.4677 

8.4745 

8.4813 

8.4881 

8.4949 

8.8018 

8.5086 

.87 

8. 5154 

8.5223 

8. 5291 

8.5359 

8.5428 

8.M96 

8.5564 

8.5683 

8.5701 

8.6770 

.88 

8.5838 

8.5907 

8.5975 

8.6044 

8.6112 

8.6181 

8.6250 

8.6818 

8.6887 

8.6455 

.H9 

8. 6524 

8.6693 

8.6661 

8.6730 

8.6799 

8.6868 

8.6936 

8.7006 

8.7074 

8.7143 

1.90 

8. 7212 

8.7281 

8.7349 

8. 7418 

8.7487 

8.7556 

8.7625 

8.7694 

8.7768 

8.7832 

.91 

8.7901 

8.7970 

8.8039 

8.8108 

8.8177 

8.8246 

8.8316 

8.8386 

8.8454 

8. 8523 

.92 

8.8592 

8.8662 

8.8731 

8.8800 

8.8869 

8.8939 

8.9008 

8.9077 

8.9147 

8.9216 

.%i 

8.9285 

8.9a'>5 

8.9424 

8.M94 

8.9563 

8.9683 

8.9702 

8.9772 

8.9841 

8.9911 

.M 

8.9980 

9.oa% 

9.0119 

9.0189 

9.0269 

9.0828 

9.0898 

9.0468 

9.0537 

9.0607 

.95 

9.0677 

9.0747 

9.081C 

9.0886 

9.0966 

9.1026 

9.1096 

9.1165 

9.1235 

9.18(^ 

.96 

9.1375 

9.1445 

9.1615 

9.1585 

9.1655 

9.1726 

9.1795 

9.1865 

9.1935 

9.2005 

.97 

9.2075 

9.2146 

9.2216 

9.2286 

9.2856 

9.2426 

9.2496 

9.2867 

9.2687 

9.2707 

.98 

9.2777 

9.2848 

9.2918 

9.2988 

9.3059 

9.3129 

9.3199 

9.8270 

9.3840 

9.8411 

.99 

9.S481 

9.3552 

9.8622 

9.8693 

9.8763 

9.3834 

9.8904 

9.8976 

9.4045 

9.4116 

2.00 

9.4187 

9.4257 

9.4328 

9.4399 

9.4469 

9.4540 

9.4611 

9.4682 

9.4762 

9.4828 

.01 

9.48M 

9.4965 

9.5036 

9.5106 

9.5177 

9.5248 

9.5319 

9.5890 

9.5461 

9.5632 

.02 

9.5603 

9.5674 

9.5745 

9.5816 

9.5887 

9.6958 

9.6029 

9.6100 

9.6171 

9.G248 

.m 

9.6314 

9.6386 

9.6456 

9.6527 

9.6599 

9.6670 

9.6741 

9.6812 

9.6884 

9.69.56 

.04 

9.7026 

9.7098 

9.7169 

9.7240 

9.7312 

9.7888 

9.7465 

9.7526 

9.7698 

9.7669 

.05 

9. 7741 

9.7812 

9.7884 

9.7955 

9.8027 

9.8098 

9. 8170 

9.8242 

9.8813 

9.8385 

.06 

9.M67 

9.8628 

9.8600 

9.8672 

9.8744 

9.8816 

9.8887 

9.8959 

9.9031 

9.9108 

.07 

9.9174 

9.9246 

9.9318 

9.9390 

9.9462 

9.9634 

9.9606 

9.9678 

9.9750 

9.9822 

.08 

9.98^ 

9.9966 

lO.OCM 

10.011 

10.018 

10.025 

10.088 

10.040 

10.047 

10.054 

.09 

10.062 

10.069 

10.076 

10.083 

10.090 

10.098 

10.105 

10. 112 

10. 119 

10.127 

2.10 

10. 134 

10. 141 

10. 148 

10.166 

10.163 

10.170 

10.177 

10.185 

10.192 

10.189 

.11 

10.206 

10.214 

10.221 

10.228 

10.236 

10.248 

10.280 

10.257 

10.264 

10.272 

.12 

10.279 

10.286 

10.293 

10.801 

10.308 

10. 316 

10.328 

10.880 

10.887 

10.344 

.13 

10.362 

10.359 

10.366 

10.374 

10.381 

10.388 

10.896 

10.408 

10.410 

10.417 

.14 

10.425 

10.432 

10.439 

10.447 

10.454 

10.461 

10.469 

10.476 

10.488 

10.491 

.15 

10.498 

10.505 

10.618 

10.620 

10.527 

10.535 

10.542 

10.549 

10. 557 

10.564 

.16 

10.571 

10. 679 

10.686 

10.693 

10.601 

10.608 

10.615 

10.628 

10.680 

10.687 

.17 

10.645 

10.652 

10.669 

10.667 

10.674 

10.682 

10.689 

10.696 

10.704 

10.711 

.18 

10.718 

10.726 

10.733 

10. 741 

10.748 

10.755 

10.768 

10.770 

10.777 

10.785 

.19 

10.792 

10.800 

10.807 

10. 814 

10.822 

10.829 

10.887 

10.844 

10.851 

10.859 

2.20 

10.866 

10.874 

10.881 

10.888 

10.896 

10.903 

10.911 

10.918 

10.926 

10.983 

.21 

10.940 

10.948 

10,966 

10.968 

10.970 

10.978 

10.985 

10.992 

11.000 

11.007 

.22 

11.016 

11.022 

11.080 

11.037 

11.045 

11.062 

11.069 

11.067 

11.074 

11.082 

.28 

11.099 

11.097 

11.104 

11.112 

11.119 

11.127 

11.184 

11.141 

11.149 

11.166 

.24 

11.164 

11.171 

11.179 

11.186 

11.194 

11.201 

11.209 

11.216 

11.224 

11.231 

.25 

11.239 

11.246 

11.254 

11.261 

11.269 

11.276 

11.284 

11.291 

11.299 

11.306 

.26 

11.314 

11.821 

11.329 

11.886 

11.344 

11.851 

11.359 

11.866 

11.874 

11.881 

.27 

11.389 

11.896 

11.404 

11.412 

11.419 

11.427 

11.434 

11.442 

11.449 

11.457 

.28    i 

11.464 

11.472 

11.479 

11.487 

11.494 

11.602 

11.510 

11.517 

11.626 

11.682 

.29 

11.540 

11.547 

11.656 

11.562 

11. 670 

11.578 

11.585 

11.098 

1L600 

11.608 
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Table  3. — Discharge  over  a  thin-edged  loeir  per  foot  of  crest — Continued. 


I 

.Head  a;  feet. 

.000 

.001 

.002 

.oos 

.004 

.006 

11.663 

.006 

.007 

.OOS 

.000 

1 

2.80 

11.616 

11.628 

11.631 

11.638 

11.646 

11.661 

11.669 

11.676 

11.684 

.81 

11.691 

11.699 

11.706 

11.714 

11.722 

11.729 

11.737 

11.744 

11.752 

11.760 

.82 

11.767 

11.775 

11.783 

11.790 

11.798 

11.806 

11.813 

11.821 

11.828 

11.836 

.83 

11.848 

11.861 

11.850 

11.866 

11.874 

11.882 

11.889 

11.897 

11.904 

11.912 

.34 

11.920 

11.927 

11.986 

11.943 

11.960 

11.968 

11.966 

11.973 

11.981 

11.989 

.35 

11.996 

12.004 

12.012 

12.019 

12.027 

12.035 

12.042 

12.050 

12.058 

12.065 

.36 

12.073 

12.081 

12.088 

12,096 

12.104 

12.  Ill 

12.119 

12.127 

12.134 

12. 142 

.37 

12.160 

12.167 

12.166 

12.173 

12. 181 

12.188 

12.196 

12.204 

12.211 

12.219 

.88 

12.227 

12.234 

12.242 

12.250 

12.258 

12.265 

12,273 

12.281 

12.288 

12.296 

.89 

12.304 

12.312 

12.819 

1-2.327 

12,335 

12.842 

12.350 

12.358 

12.366 

12.373 

2.40 

12.881 

12.889 

12.897 

12.4(M 

12.412 

12.420 

12.428 

12.485 

12.443 

12.451 

.41 

12.459 

12.466 

12.474 

12.482 

12.490 

12.497 

12.506 

12.613 

12.521 

12.528 

.42 

12.636 

12.644 

12.552 

12.660 

12.567 

12.576 

12.583 

12.591 

12.598 

12.606 

.48 

12.614 

12.622 

12.630 

12.637 

12.645 

12.653 

12.661 

12.669 

12. 676 

12.684 

.44 

12.692 

12.700 

12.708 

12.715 

12.723 

12.731 

12.739 

12. 747 

12.764 

12.672 

.46 

12.770 

12,778 

12.786 

12.794 

12.801 

12.809 

12.817 

12.825 

12.833 

12.840 

.46 

12.848 

12.856 

12.864 

12.872 

12.880 

12.888 

12.895 

1*2.903 

12.911 

12.919 

.47 

12.927 

12.936 

12.942 

12.950 

12.968 

12.966 

12:974 

12.982 

12.990 

12.997 

.48 

13.005 

13.013 

13.021 

13.029 

13.087 

13.045 

13.053 

13.060 

13.068 

13.076 

.49 

13.084 

13.092 

18.100 

13.108 

13.116 

13.124 

13. 131 

13.139 

13. 147 

13.165 

2.50 

13.163 

13. 171 

13. 179 

13.187 

18.196 

18.202 

18.210 

13.218 

13.226 

13.234 

.51 

18.242 

13.250 

13.258 

13.266 

18.274 

13.282 

13.290 

13.297 

13.305 

18. 313 

.52 

18.821 

13.829 

13.387 

18.345 

18.363 

13.361 

13.369 

13.377 

13.385 

13.393 

.58 

13.401 

18.409 

13.417 

13.424 

13.432 

13.440 

13.448 

13.456 

13.464 

13.472 

.M 

13.480 

18.488 

13.496 

13.504 

13.612 

13.520 

13.528 

13.536 

13.644 

13.652 

.56 

13.560 

13.568 

13.676 

13.584 

13.592 

13.600 

13.608 

13.616 

18.624 

13.632 

.66 

13.640 

13.648 

13.656 

13.664 

13.672 

13.680 

13.688 

13.696 

13.7(M 

13.712 

.57 

18.720 

18.728 

13.736 

13.744 

13.752 

13.760 

13.768 

13.776 

18.784 

13.792 

.58 

18.800 

18.806 

13.816 

13.824 

13.832 

13.840 

13.848 

•13.856 

13.864 

18.872 

.69 

13.880 

18.888 

13.896 

13.904 

13.912 

13.920 

13.928 

13.936 

13.944 

13.953 

2.60 

18.961 

13.969 

13.977 

18.986 

18.998 

14.001 

14.009 

14.017 

14.026 

14.033 

.61 

14.041 

14.049 

14.067 

14.066 

14.074 

14.082 

14.090 

14.098 

14.106 

14.114 

.62 

14.122 

14.180 

14.188 

14.146 

14.164 

14.162 

14. 171 

14. 179 

14.187 

14.195 

.63 

14.208 

14.211 

14.219 

14.227 

14.285 

14.243 

14.252 

14.260 

14.268 

14.276 

.64 

14.284 

14.292 

14.800 

14.308 

14.816 

14.328 

14.333 

14.341 

14.349 

14.367 

.65 

14.866 

14.878 

14.882 

14.390 

14.398 

14.406 

14.414 

14.422 

14.430 

14.438 

.66 

14.447 

14.465 

14.463 

14.471 

14. 479 

14.487 

14.496 

14.504 

14.612 

14.620 

.67 

14.628 

14.686 

14.646 

14.663 

14.561 

14.669 

14.577 

14.685 

14.594 

14.602 

.68 

14.610 

14.618 

14.626 

14.634 

14.643 

14.661 

14.669 

14.667 

14. 675 

14.684 

.69 

14.692 

14,700 

14.708 

14.716 

14.725 

14.783 

14.741 

14.749 

14. 757 

14.766 

2.70 

14.T74 

14.782 

14.790 

14.798 

14.807 

14.816 

14.823 

14.831 

14.839 

14.848 

.71 

14.856 

14.864 

14.872 

14.881 

14.889 

14.897 

14.905 

14. 918 

14.922 

14.930 

.72 

14.938 

14.946 

14.955 

14.963 

14.971 

14.979 

14.988 

14.996 

16.004 

15.012 

.73 

15.021 

15.029 

15.087 

15.046 

15.064 

16.062 

15.070 

15.078 

15.087 

15.096 

.74 

15.103 

16. 112 

15. 120 

15.128 

15.136 

15.146 

15. 153 

15. 161 

15. 169 

15. 178 

.75 

16.186 

16.194 

15.208 

15.211 

15. 219 

15.227 

15.236 

15.244 

15.252 

15.261 

.76 

15.269 

15.277 

15.285 

15.294 

15.802 

15.310 

15.819 

16.327 

15.335 

15.344 

.77 

15.852 

15.360 

15.3G9 

15.377 

15. 385 

15.394 

15. 402 

15.410 

15.419 

15. 427 

.78 

15.435 

15.443 

16.462 

15.460 

15.468 

15.477 

15.4K5 

15.494 

15. 502 

15. 510 

.79 

15.519 

15.527 

15.535 

15. 544 

15. 552 

15.560 

15.569 

16.577 

15.585 

15.594 

1 

IBB  150— 06 16 


Digitized  by  VjOOQIC 


168         WEIR    EXPERIMENTS,   COEFFICIENTS,   AND    FORMULAS. 


Table  3. — Discharge  over  a  thin-edged  treir  per  foot  of  crest — (Continued. 


Head  H,  feet. 
2.80 

.000 

15.602 

.001 

15. 610 

.OOi 

.oos 

15. 627 

.004 

15.635 

.005 

.006 

.007 

.008 

.009 

16.619 

15.644 

15.652 

16.661 

15.660 

16.677 

.81 

15.686 

15. 69-1 

15.702 

15.711 

15.719 

15.728 

15.786 

16.744 

15.753 

15. 761 

.82 

15. 769 

15. 778 

15.786 

15.795 

15.803 

15. 811 

15.820 

15.828 

15.837 

15.  Mh 

.83 

15.  K^S 

15.862 

15.870 

16.879 

15.887 

16.895 

15,904 

16. 912 

15.921 

15.929 

.84 

15.938 

15.  W6 

16. 9M 

15.963 

15. 971 

15.980 

15.988 

16.997 

16.005 

16.013 

!             .85 

16.022 

16.030 

16.039 

16.  (M7 

16.056 

16.064 

16.072 

16.081 

16.089 

16.098 

1            .86 

16.106 

16.115 

16.123 

1?.  132 

16.140 

16.148 

16. 157 

16.165 

16. 174 

16. 182 

'            .87 

16.191 

16.199 

16.208 

16.216 

16.225 

16.233 

16.242 

16.250 

16.268 

16.267 

.88 

16.275 

16.2tU 

16.292 

16.301 

16.309 

16. 318 

16.326 

16.335 

16.»43 

16.352 

.89 

16.360 

16.  :169 

16.377 

16.386 

16.394 

16.403 

16.411 

16.420 

16.428 

16.437 

1          2.90 

16. 445 

16.454 

16.462 

16.471 

16.479 

16.488 

16.496 

16.506 

16.513 

16. 5-22 

1            •«! 

16.  .530 

16.539 

16.547 

16. 556 

16,565 

16. 573 

16.582 

16.690 

16.599 

16.607 

*            .92 

16.616 

16.624 

16. 63.3 

16.641 

16.650 

16.658 

16.667 

16. 675 

16. 6W 

16.693 

.9;^ 

16. 701 

16.  710 

16.718 

16. 727 

16.736 

16.744 

16.762 

16. 761 

16.770 

16.778 

.94 

16.787 

16. 795 

16.804 

16. 812 

16.821 

16.830 

16.838 

16.847 

16.855 

16.864 

.95 

16. 872 

16.8K1 

16.890 

16.898 

16.907 

16.916 

16.924 

16.932 

16.941 

16.950 

.96 

16.958 

16.967 

16.975 

16.984 

16.993 

17.001 

17.010 

17.018 

17.027 

17.086 

.97 

17.044 

17.  a53 

17.062 

17.070 

17. 079 

17.087 

17.096 

17.105 

17. 113 

17.122 

.98 

17.130 

17. 139 

17. 148 

17.156 

17.165 

17. 174 

17.182 

17. 191 

17.199 

17.208 

.99 

17.217 

17.22.5 

17.2*4 

17.243 

17.251 

17.260 

17.269 

17.277 

17.286 

17.295 

3.00 

17.30X1 

Table  4. — Discharge  (wer  a  thin-edged  weir  per  foot  of  crest. 


Head 
H,  feet. 

.00 

.01 

.oa 

.08 

.04 

.05 

.06 

.07 

.08 

.09 

0.0 

0.0000 

0.0083 

0.0094 

0.0173 

0.0266 

0.0372 

0.0489 

0.0617 

0.0768 

0.0899 

.1 

.1053 

.  1215 

.1384 

.1561 

.1744 

.1935 

.2131 

.2334 

.2543 

.2758 

.2 

.2978 

.32a5 

.3436 

.3673 

.3915 

.4162 

.4415 

.4672 

.4934 

.5200 

.3 

.5472 

.5748 

.6028 

.6313 

.6602 

.6895 

.7193 

.7495 

.7800 

.8U0 

.4 

.8424 

.8742 

.9084 

.9390 

.9719 

1.0a52 

1.0389 

1.0730 

1.1074 

1.1422 

.5 

1.1773 

1.2128 

1.2487 

1.2849 

1.3214 

1.3583 

1.3956 

1.4380 

1.4709 

1.6091 

.6 

1.5476 

1.5865 

1. 6-2,57 

1.6652 

1.7a50 

1.7451 

1.7856 

1.8262 

1.8673 

1.9066 

.7 

1.9503 

1.9922 

2.0344 

2.0770 

2. 1198 

2.«29 

2.2063 

2.2500 

2.2940 

2.3382 

.8 

2.3828 

2. 4276 

2.4727 

2.5180 

2.5637 

2.6096 

2.6558 

2.7022 

2.7490 

2,7959 

.9 

2.8432 

2.8907 

2.9385 

2.9865 

3.0348 

3.0834 

3. 1322 

3.1813 

3.2306 

8.2802 

1.0 

3.3300 

3.3801 

3.4304 

3.4810 

8.5318 

3.5828 

3.6842 

3.6867 

3.7375 

3.7895 

1         ^-^ 

3. 8418 

3.8943 

3.9470 

4.0000 

4.0532 

4.1067 

4.1604 

4.2143 

4.2384 

4.3228 

1         1.2 

4.  3774 

4. 43*22 

4. 487:1 

4.5426 

4.6981 

4.6538 

4.7098 

4.7660 

4.8224 

4.8790 

1.3 

4.9358 

4.9929 

5.  a502 

5. 1077 

5. 1654 

5.2283 

5.2814 

6.8398 

5.8984 

5.4572 

1.4 

5. 5162 

5. 5754 

5.6348 

5.6944 

5.7542 

5. 8143 

6.8745 

6.9350 

5.9957 

6.(^65 

1.5 

6.1176 

6. 1789 

6.2404 

6.3020 

6.3638 

6.4260 

6.4883 

6.5508 

6.6186 

6.6764 

'         1.6 

6.7394 

6.8027 

6.8662 

6.9299 

6.9937 

7.0578 

7.1221 

7.1865 

7.2512 

7.5160    1 

1.7 

7.3810 

7. 4463 

7.5117 

7. 5778 

7.6431 

7.7091 

7.7752 

7.8416 

7.9081 

7.9749    ' 

1.8 

S.0418 

8. 1689 

8. 1762 

8.2487 

8.3118 

8.3792 

8. 4472 

8.5154 

8.5838 

8.6524 

1.9 

K.  7212 

8.7901 

8. 8.592 

8. 9'2Mr, 

8.9980 

9.0677 

9. 1376 

9.2075 

8.2777 

9.8481 
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Table  4. — Discharge  over  a  thin-edged  weir  per  foot  of  crest — Continued. 


Head  '   AA  '   01 

.02 

.08 

.04 

.06 

9.7741 

.06 

9.8457 

.07 

9.9174 

.08 

.00 

2.0   9.4187   9.4894 

9.6603 

9.6314 

9.7026 

9.9894 

10.0620 

Zl  1  10.1340  10.2060 

10.2790  ;  10.3620 

10.4260 

10.4980 

10.5710 

10.64.50 

10.7180 

10.7920 

2.2  10.8660  10.9400 

11.0150  11.0890 

ll.lfr40 

11.2890 

11.3140 

11.8890 

11.4640 

11.5400 

2.3  ,  11.6160 

11.6910 

11.7670 

11.8430 

11.9200 

11.9960 

12.0730 

12.1500 

12.2270 

12,3040 

2.4  '  12.3810 

12.4590 

12.5360 

12.6140 

12.6920 

12.7700 

12.8480 

12.9270 

13.0060 

13.0840 

2.5  '  18.1630 

13.2480 

13.8210 

18.4010 

18.4800 

13.6600 

12.6400 

13.T200 

13.8000 

13.8800 

2.6  18.9610 

14.0410 

14.1220 

14.2030 

14.2840 

14.3650 

14.4470 

14.5280 

14.6100 

14.6920 

2.7  14.7740 

14,8560 

14.9880 

15.0210 

15.1030 

15.1860 

15.2690 

16.8620 

16.4360 

15.6190 

2.8  ,  15.6020 

15.6860 

15.7690 

16.8530 

15.9880 

16.0220 

16.1060 

16.1910 

16.2760 

16.3600 

2.9  1  16.4460 

16.6300 

16.6160 

16. 7010 

16.7870 

16.8720 

16.9580 

17.0440 

17.1300 

17.2170 

8.0  '  17.3033 

17.3899 

17.4698 

17.6684 

17.6503 

17.7376 

17.8248 

17. 9124 

18.0000 

18.0876 

8.1  ,  18.1754 

18.2634 

18.8516 

18.4899 

18.5285 

18.6170 

18.7056 

18. 7945 

18.8838 

18.9727 

8.2  '  19.0619 

19.1515 

19.2410 

19.3307 

19.4206 

19. 5105 

19.6007 

19.6910 

19. 7812 

19.8718 

3.8  19.9624  20.0638 

20.1442 

20.2354 

20.3267 

20.4179 

20.5C95 

20.6011 

20.6930 

20.7849 

8.4  1  20.8777 

20.9690 

21.0613 

21.1538 

21.2464 

21.3390 

21.4319 

21.5248 

21.6180  21.7113 

3.5  i  21.8045 

21.8980 

21.9917 

22.0856 

22.1795 

22.2734 

22.3877 

22.4618 

22.5.564  i  22.6510 

3.6  22.7466 

22.8406 

22.9854 

28.0306 

23.1259 

23.2211 

28.3167 

23.4122  28.5081  '  23.6040 

8.7  23.6999 

23.7962 

23.8924 

23.9887 

24.0852 

24. 1818 

24.2787 

24.3756 

24. 4728 

24.6697 

3.8  24.6673 

24.7645 

24.8621 

24.9600 

25.0576 

25.1555 

26.2537 

25.8620 

25.4502 

26.6488 

8.9  25.6473 

25.7469 

25.8748 

25.9437 

26.0429 

26.1422 

26.2414 

26.3410 

26.4405 

26.6401 

4.0  26.6400 

26.7899 

26.8i01 

26.9404 

27.0406 

27. 1412 

27.2417 

27.3428 

27.4432 

27.6411 

4.1  j  27.6453 

27.7466 

27.8478 

27.9494 

28.0509 

28.1525 

28.2544 

28.3663 

28.4582 

28.6604 

4.2  1  28.6626 

28.7652 

28.8678 

28.9708 

29.0732 

29.1761 

29.2790 

29.3823 

29.4866 

29.5890 

4.3  1  29.6926 

29.7962 

29.9001 

80.0040 

30.1079 

30.2118 

30.3163 

80.4206 

30.5261 

30.6297 

4.4  1  30.7S42 

30.8391 

30.9440 

31.0493 

31.1545 

31.2597 

31.3649 

31.4706 

81.5764  31.6820 

4.5  1  81.7878 

31.8941 

32.0003 

32.1065 

82.2128 

32.3193 

32.4259 

32.6824 

32.6398  '  32.7462 

4.6  1  32.8634 

32.9607 

33.0679 

33.1755 

33.2830 

33.8906 

38.4985 

33.6064 

33.7143  33.8226 

4.7  1  33.9307 

34.0873 

34.1475 

34.2560 

34.3646 

34.4735 

31.5824 

34.6913 

34.80a5  i  34.9097, 

4.8  85.0193 

85.1288 

35.2354 

35.3480 

35. 4578 

a5.5677 

35.6780 

36.7882 

85.8984  36.0086 

4.9  1  36.1182 

36.2297 

36.8406 

86.4515 

36.6624 

36.6736 

86.7845 

36.8961 

37.0073  87.1188 

5.0  j  S7.2S04 

37.8428 

87.4542 

87.6661 

37.6783 

37.7905 

37.9027 

38.0153 

38.1276  ,  38.2404 

5.1  38.3629 

38.4658 

38.6787 

88.6919 

38.8062 

38.9184 

39.0319 

39.1456 

39.2601  1  39.3726 

5.2  39.4865 

89.6004 

89.7146 

39.8288 

39.9430 

40.0676 

40.  ms 

40.2867 

40.4012  1  40.6161 

5.3  40.6310 

40.7462 

40.5281 

40.9766 

41.0919 

41.2074 

41.8280 

41.4386 

41.6544 

41.6708 

5.4  41.7866 

41.9024 

42.0186 

42.1362 

42.2517 

42.8683 

42.4848 

42.6017 

42.7186 

42.8865 

5.5  42.9528 

43.0700 

48.1871 

43.8043 

43.4219 

42.639-1 

43.6673 

43. 7752 

43.8931 

44.0109 

5.6  44.1292 

44.2474 

44.8659 

44.4845 

44.6030 

44.7216 

44.8404 

44.9598 

45.0782 

46.1974 

5.7 

45.8166 

46.4860 

45.5554 

45.6746 

45.7945 

45.9140 

46.0339 

46.1538 

46.2740 

46.8989 

5.8 

46.5141 

46.6847 

46.7552 

46.8757 

46.9963 

47. 1172 

47.2380 

47.8589 

47.4798  47.6010 

5.9 

47.7226 

47.8438 

47.9653 

48.0869 

48.2084 

48.3303 

48.4522 

48.5744 

48.6963  1  48.8185 

6.0  1  48.9407 

49.0632 

49.1858 

49.8088 

48.4312 

49.5537 

49.6766 

49.7999 

49.9280 

50.0462 

6.1  1  60.1694 

60.2980 

60.4162 

60.5401 

60.6637 

50. 7875 

50.9114  51.0356 

51.1695 

51.2837 

6.2  1  51.4082 

51.5824 

51.6570 

51.7818 

51.9034 

62.0318 

52. 1631 

52.2818 

52.4062  52.5314 

6.3  62.6570 

62.7822 

52,9077 

53.0386 

53. 1501 

58.2850 

53.4109 

53.5871 

53. 6630  1  53. 7892 

6.4  58.9157  1  54.0419 

54.1684 

64.2960 

54. 4219 

54.6487 

54.6756 

M,8025  54.9297  1  56.0669 

6.5  65.1832 

56.8116 

55.4392 

55. 5667 

65.6943 

56.8221 

56.9600  56.0779  56.2061  66.3848 

6.6  56.4625 

56.5910 

66.7192 

.'16.8478 

56.9766 

57. 1056 

57. 2840  57.  3233 

67. 4921  57. 6213 

6.7  j  .•>7.7506 

67.8801 

58.0093 

58.1388 

58.2687 

58.3982 

58. 5281 

58.6580 

58. 7882  58. 9180 

6.8  1  69.0482 

59.1788 

60.3090 

59.4428 

59. 5700 

59.7009 

59.8314 

59.9623 

60.0935  60.2244 

6.9  60.3556 

1 

60.4868 

60.6183 

60.7499 

60.8814 

61.0129 

61. 1445 

61.2763  1  61.4082 

61.5104 
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Table  4. — Discharge  m^er  a  thin-edged  umr  per  foot  of  crest — Continued. 


Head 
//.feet. 

.00 

..1 

.04 

.OS 

.04 

.06 

.06 

.07 

.08            .09 

7.0 

61.6736 

61.8048 

61.9370 

62.0692 

62.2017 

62.3343 

62. 4671 

62.6000 

62.7329     62.8667    » 

7.1 

62.9986 

63. 1818 

63.2660 

63.3992 

63.6317 

63.66.^ 

63.7991 

63.9327 

64.0665  1  64.2004 

7.2 

64.8348 

64.4685 

64.6027 

64.7369 

64.8711 

65.0066 

65.1268 

65.2760 

65.4096     66..'>444    | 

7.3 

65.6798 

65.8145 

65.9493 

66.084.5 

66.2197 

66.3552 

66.4908 

66.6263 

66. 7618     66. 8977 

7.4  \  67.0386  '  67.1694 

67.8053 

67.4415 

67. 5777 

67.7139 

67.8'i04 

67.9869 

68. 1235  1  68. 2600 

7.5  !  6a3%9     68.5337 

68.6706 

68.8078 

68.9447 

69.0818 

69.2791 

69.8666 

69.4941  1  69.6316 

7.6 

69.7695 

69.9070 

70.W49 

70. 1827 

70.3209 

70.4691 

70.5973 

70.7356 

70.8737 

71.0123 

7.7 

71.1508 

71.2896 

71.4282 

71.6670 

71.7059 

71.8451 

71.9843 

72.1286 

72.2627 

72.4743 

7.8 

72.M14 

72.6809 

72.8208 

72.9603 

73.1002 

73.2400 

73.3802 

73.5201 

78.6608  ,  73.8005 

7.9 

73.9410 

74.0815 

74.2220 

74.3626 

74.6031 

74.6439 

74.7848 

74.9260 

75.0669     75.2081 

8.0 

75.3492  ;  75.4908 

75.6320 

75.7735 

75.9160 

76.0669 

76.1987 

76.8406 

76.4824     76.6243 

8.1 

76.7665 

76.9087 

77.0509 

77.1934 

77.3360 

77.4784 

77.6210 

77.7638 

77.9067     78.0496 

8.2     78.1924 

78.3356 

78.4788 

78.6220 

78.7655 

78.9087 

79.0522 

79.1967 

79.83%     79.4834 

8.8     79.6273 

79.7711 

79.9153 

80.0692 

80.2034 

80.8479 

80.4921 

80.6366 

80.7811     80.9260 

8.4     81.0705 

81.2164 

81.3602 

81.5064 

81.6603 

81.7955 

81.9406 

82.0862 

82.2314 

82.8769 

8.5 

82.6224 

82.6682 

82.8141 

82.9600 

83.1058 

83.2517 

83.8979 

83.5440 

83.6902 

83.8367 

8.6 

83.9883 

84.1298 

84.2763 

84.4228 

84.6697 

84.7165 

84.8634 

85.0106 

86.1678 

86.3049 

8.7 

85.4521 

85.5996 

85. 7472 

85.8947 

86.0456 

86.1897 

86.3376 

86.4864 

86.6386 

86.7815 

8.8 

86.9297 

87.0778 

87.2264 

87. 3746 

87.6231 

87.6716 

87.8204 

87.9689 

88.1178 

88.2666 

8.9 

88.4192 

88.6647 

88.7139 

88.8630 

89.0126 

89. 1617 

89. 3113 

89.4608 

89.6103 

89.7602 

9.0 

89.9100 

90.0699 

90.20&4 

90.8699 

90. 6101 

90.6602 

90.4778 

90.9609 

9L1115 

91.2620 

9.1 

91.4126 

91.8633 

91. 7142 

91,8660 

92.0169 

92.1671 

92.3188 

92.4694 

92.6206 

92.7T21 

9.2 

92.9237 

93.0782 

93.2267 

93.3785 

93.6304 

98.6822 

93.8341 

93.9863 

94.1384 

94.2906 

9.3 

94.4428 

94.5950 

94. 7475 

94.9000 

95.0629 

96.20M 

96.8582 

96.6111 

96.6689 

96.8171 

9.4 

95.9703 

96.1234 

96.2766 

96.4298 

96.6833 

96.7868 

96.8903 

97.0442 

97.1977 

97.3616 

9.5 

97.6057 

97.6596 

97.8138 

97.9679 

98.1021 

98.2763 

98.4308 

96.5868 

98.7398 

96.8943 

9.6 

99.0492 

99.2040 

99.3589 

99.5141 

99.6689 

99.8241 

99.9793 

100.1344 

100.2899 

100.4456 

9.7 

100, 6010 

100.7665 

100.9123 

101.0678 

101.2237 

101.3799 

101.6857 

101.6919  |l01.8481 

102.0042 

9.8 

102. 1607 

102. 3169 

102.4734 

102.6299 

102.7868 

102.9438 

103. 1001 

103.2670  108.4141 

103,  .5710 

9.9 

103.7282 

103.8853 

104.0429 

104.2000 

104.3576 

104. 5121 

104.6726 

104.8304   104.9682 

106.1461 

10.0 

106.3039 

106.4618 

106. 6199 

105. 7781 

105.9363 

106.0945 

106.2580 

106. 4U5  106.6700 

106.7285 

When  applied  to  a  weir  with  JV  end  contractions,  the  measured 
crest  length  L  should  be  reduced  by  the  formula 

L=-L'-OANH 

When  applied  to  a  weir  having  appreciable  velocity  of  approach, 
the  measured  head  should  be  corrected  by  the  correction  formula  of 
Francis  (see  p.  15),  or  b}'  one  of  the  simpler  approximate  equiyalents; 
or  the  correction  may  be  applied  as  a  percentage  to  the  discharge,  b}- 
the  use  of  Table  2. 

Table  3,  taken  from  Lowell  Hydraulic  Experiments,  by  James  B. 
Francis,  gives  the  discharge  for  heads  from  zero  to  3  feet,  advancing 
by  thousandths. 

Table  4  is  original  and  gives  the  discharge  for  heads  from  zero  to 
10.09  feet,  advancing  by  hundredths. 
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By  increasing  the  quantities  from  either  table  1  per  cent,  the  dis- 
charge by  the  Cippoletti  formula  will  be  obtained, 

^=3.36$  Z/A 

In  calculating  discharge  by  this  formula,  the  head  should  be  cor- 
rected for  velocity  of  approach  by  the  formula 

II=D+1M. 

TABLES   5   AND   6.— THREE-HALVES  POWERS. 

These  tables  of  three-halves  powers  (cubes  of  the  square  roots)  were 
prepared  by  the  writer  to  facilitate  the  calculation  of  discharge  over 
weirs  of  various  forms,  by  the  use  of  coefficients  taken  from  the 
diagrams  that  accompany  this  paper  and  the  base  formula 

Table  5. — Three-halves  powers  for  nunibers  0  to  1.49. 


Namben. 

.000 

.001 

.00« 

.008 

.004 

.«» 

.006 

.007 

.008 

.009 

.010 

0.00 



0.0000 

0.0001 

0.0002 

0.0003 

0.0004 

0.0005 

0.0006 

0.0007 

0.0008 

0.0009 

0.0010 

.01 

.0010 

.00118 

.00136 

.00154 

.00172 

.00190 

.00208 

.00236 

.00244 

.00262 

.0028 

.02 

.0028 

.00804 

.00328 

.00352 

.00376 

.00400 

.00424 

.00448 

.00472 

.00496 

.0062 

.03 

.0062 

.00648 

.00576 

.00601 

.00632 

.00660 

.00688 

.00716 

.00744 

.00772 

.0080 

.04 

.0080 

.00832 

.00864 

.00896 

.00928 

.00960 

.00992 

.01024 

.01056 

.01088 

.0112 

'    .06 

.0112 

.01155 

.01190 

.01225 

.01260 

'  .01295 

.01330 

.01366 

.01400 

.01435 

.0147 

.06 

.0147 

.01508 

.01546 

.01584 

.01622 

.01660 

.01698 

.01736 

.01774 

.01812 

.0186 

.07 

.0186 

.01801 

.01932 

.01973 

.02014 

.02055 

.02096 

.02137 

.02178 

.02219 

.0226 

.08 

.0226 

.02304 

.02348 

.02392 

.02436 

.02480 

.02524 

.02668 

.02612 

.02656 

.0270 

.09 

.0270 

.02746 

.02792 

.02838 

.02884 

.02930 

.02976 

.08022 

.08068 

.03114 

.0316 

O.IO 

0.0316 

0.03209 

0.08258 

0.03307 

0.06856 

0.03405 

0.08454 

0.08503 

00365.2 

0.08601 

0.0866 

.11 

.0365 

.08701 

.08752 

.08808 

.03864 

.08905 

.08966 

.04007 

.04058 

.04109 

.0416 

.12 

.0416 

.04213 

.04266 

.04319 

.04372 

.04426 

.04478 

.04681 

.04684 

.04637 

.0469 

.13 

.0469 

.04746 

.04800 

.04855 

.04910 

.04965 

.05020 

.06076 

.05130 

.06185 

.0524 

.14 

.0624 

.05297 

.06354 

.05411 

.05468 

.05625 

.05582 

.05639 

.06696 

.05768 

.0581 

.15 

.0681 

.05869 

.05028 

.05987 

.06046 

.06106 

.06164 

.06228 

.06282 

.06341 

.0640 

.16 

.0640 

.06451 

.06522 

.06583 

.06644 

.06705 

.06766 

.06827 

.06888 

.06949 

.0701 

.17 

.0701 

.O'rtWa 

.07136 

.07199 

.07262 

.07326 

.07388 

.07451 

.07614 

.07577 

.0764 

.18 

.0764 

.07704 

..07768 

.07832 

.07896 

.07960 

.08024 

.08088 

.08162 

.08216 

.0828 

.19 

.0828 

.08346 

.08412 

.08478 

.08544 

.08610 

.08676 

.08742 

.08808 

.08874 

.0894 

0.20 

0.0694 

0.09008 

0.09076 

0.09144 

0.09212 

0.09280 

0.09348 

0.09416 

0.09484 

009552 

0.0962 

.21 

.0962 

.09690 

.09760 

.09830 

.09900 

.09970 

.10040 

.10110 

.1018 

.1026 

.1032 

.22 

.1032 

.10391 

.10462 

.10533 

.10604 

.10675 

.10746 

.10817 

.10888 

.10959 

.1103 

.23 

.1108 

.11103 

. 11176 

. 11249 

.11322 

.11395 

.11468 

.11641 

. 11614 

.11687 

.1176 

.24 

.1176 

.11834 

.11908 

.11982 

.12506 

.12180 

.12204 

.12278 

.12362 

.12426 

.1250 

.25 

.1260 

.12576 

.12652 

.12728 

'  .12804 

.12880 

.12966 

.13032 

.13108 

.13184 

.1326 

.26 

.1326 

.13337 

.18U4 

.13491 

.13568 

.13645 

.13722 

.13799 

.13876 

.13953  .1403 

.'27 

.1403 

.14109 

.14188 

.14267 

.14346 

.14425 

.14604 

.14583 

.14662 

.14741  .1482 

.28 

.1482 

.1490 

.1498 

.1606 

.1514 

.1522 

1530 

.1638 

.IfM 

.1564 

.1562 

.29 

.1662 

.16701 

.16782 

.15863 

.16944 

1 

.16026 

.16106 

. 16187 

.16268 

.16349 

.1643 
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Table  5. — Three-halves  powers  for  ntimhern  0  to  J, 49 — Continued. 


Numbers. 

.000 

.001 

.00!S 

.008 

.004 

.006 

.006 

.007 

.008 

.009 

.010  1 

0.30 

0.1643 

0. 16513 

0.16596 

0. 16679 

0. 16762 

0.16845 

0. 16928 

0.17011 

0.17094 

0. 17177 

i 
0. 1726  1 

.31 

.1726 

.17344 

.17428 

.  17512 

.17696 

.17680 

.17764 

.17848 

.17932 

.18016 

.  1810 

.32 

.1810 

.18186 

.18272 

.18358 

.18444 

.18530 

.18616 

.18702 

.18788 

.18874 

.1896 

.33 

.1896 

.19047 

.  19134 

.19221 

.19308 

.19395 

.19482 

.19669 

.19656 

.19743 

.1983  t 

.34 

.1983 

.19918 

.20006 

.20094 

.20182 

.•20270 

.20358 

.20446 

.20634 

.20622 

.2071 

.35 

.2071 

.20799 

.20888 

.20977 

.21066 

.21155 

.21244 

.21333 

.21422 

.21511 

.2160 

i     .30 

.2160 

.21691 

.21782 

.21873 

.21964 

.2205.^ 

.22146 

.22237 

.22828 

.  22419 

.2251 

1     .37 

.  2251 

.22601 

.22692 

.22783 

.22874 

.22»..'i 

.23056 

.2317 

.23238 

.23329 

.  2342  j 

.38 

.£^2 

.23514 

.23608 

.23702 

.23796 

.23890 

.23984 

.24078 

.24172 

.24266 

.243<] 

.39 

.  24.% 

.  244.=>4 

.24618 

.24642 

.24736 

.24830 

.24924 

.28018 

.26112 

.25206 

.2?^  ' 

0.40 

0.2630 

0. 25395 

0.2M90 

0.25585 

0.25680 

0.26776 

0.26870 

0.25965 

0.26060 

0. 26155 

0.2625 

.41 

.  262.'i 

.26347 

.26444 

.26541 

.26638 

.26736 

.26832 

.26929 

.27026 

.27123"  .2722 

.42 

.2722 

.  27318 

.27416 

.27514 

.27612 

.27710 

.27808 

.27906 

.28004 

. 28102 

.2820 

.43 

.2820 

.28299 

.28397 

.28497 

.28596 

. 28695 

.28794 

.28893 

.28992 

.29091 

.2919 

.44 

.2919 

.2929 

.2939 

.2949 

.2959 

.2969 

.2979 

.2989 

.2999 

.3009 

.3019 

.46 

.3019 

.30291 

.30392 

.3(M93 

.30594 

.30695 

.30796 

.30897 

.30998 

.31099 

.3120 

.46 

.  3120 

.31302 

.31404 

.31506 

.31608 

.31710 

. 31812 

.31914 

.32016 

.32118 

.'^???. 

.47 

.3222 

.32323 

.32426 

.32529 

.32632 

.  3273.'> 

.32838 

.32941 

.33044 

.33147 

.8325 

.48 

.3325 

.33355 

.33460 

.33565 

.33670 

.33775 

.33880 

.33985 

.84090 

.84196 

.3430 

.49 

.3430 

.34406 

.34512 

.34618 

.  34724 

.3483 

.34936 

.36W2 

.86148 

.35264 

.3536 

0.60 

0.3536 

0.36466 

0. 36572 

0. 35<;78 

0.35784 

0.35890 

0.35996 

0.36102 

0.36208 

0.36314 

0.3W2  1 

.51 

.3W2 

.36528 

.36636 

.36744 

.36852 

.36960 

.37068 

.87176 

.37284 

.37392 

.3750 

.62 

.3750 

.37608 

. 37716 

.37824 

.37932 

.38040 

.38148 

.38256 

.38864 

.38472 

.8858 

.63 

.3858 

.38690 

.38800 

.38910 

.39020 

.39130 

.39240 

.39350 

.89460 

.3967 

.3968 

.54 

.3968 

.  39791 

.39902 

.40013 

.40124 

.40235 

.40346 

.40467 

.40568 

.40679 

.4079 

.55 

.4079 

.40902 

.41014 

. 41126 

.41238 

.41360 

.41462 

.41574 

.41686 

%  41798 

.4191 

.56 

.4191 

.42022 

.42134 

.42246 

.42368 

.42470 

.42682 

.42694 

.42806 

.42918 

.4303 

.57 

.4803 

.43144 

.43258 

.43372 

.43486 

.43600 

.43714 

.43828 

.43942 

.44056 

.4417 

.fA 

.4417 

.44285 

.44400 

.44515 

.44630 

.44746 

.44860 

.44976 

.45090 

.46205 

.4532 

.59 

.4632 

.45436 

.46552 

.46668 

.46784 

.46900 

.46016 

.46182 

.46248 

.46364 

.4648 

0.60 

0.4648 

0.46596 

0. 46712 

0.46828 

0.46944 

0.47060 

0.47176 

0.47292 

0.47408 

0.47524 

0.4764 

.61 

.47W 

.47758 

.  47876 

.479W 

.48112 

.4S230 

.48848 

.48466 

.48584 

.48702 

.4882 

.62 

.4882 

.48938 

.49066 

.  49174 

.49292 

.49410 

.49528 

.49646 

.49764 

.49882 

.5000  1 

.63 

.5000 

.50120 

.50240 

.5086 

.6048 

.5060 

.5072 

.5084 

.5096 

.5108 

.5120  ' 

.64 

.5120 

.5132 

.5144 

.5166 

.5168 

.5180 

.5192 

.5204 

.6216 

.6228 

.6240 

.65 

.6240 

.52522 

.52644 

.52766 

.52888 

.53010 

.53132 

.63264 

.53376 

.63498 

.58C2 

.66 

.5362 

.M742 

.53864 

.53986 

.54108 

.61230 

.54352 

.64474 

.64696 

.64718  .M8A 

.67 

.M84 

.54963 

.65aS6 

.55209 

.55332 

.56455 

.55578 

.55701 

.55824 

.55947,  .6607 

.68 

.5607 

.56195 

.66320 

.56445 

.56570 

.56695 

.56820 

.66945 

.57070 

.67196'  .6782 

.69 

.6732 

.57445 

.5757 

.57695 

.57830 

.67945 

.58070 

.58195 

.58320 

.58445  .5857 

0.70 

0.6867 

0.58696 

0.58822 

0.58948 

0. 69074 

0.59200 

0.59326 

0.69462 

0.69578 

0.597040.5983  i 

.71 

.5983 

.59956 

.60082 

.60208 

.60834 

.60460 

.60686 

.60712 

.60838 

.60964 

.6109 

.72 

.6109 

.61218 

.61346 

.61474 

.61602 

.61730 

.61858 

.61986 

.62114 

.62242 

.6237 

.73 

.6237 

.62499 

.62628 

. 62757 

.62886 

.63015 

.63144 

.63273 

.63402 

.63531 

.6366 

.74 

.6366 

.63789 

.63918 

.64047 

.64176 

.643to 

.64434 

.64563 

.64692 

.64821 

.6495 

.75 

.6495 

.65081 

.65212 

.65343 

.66474 

.65605 

.65736 

.66867 

.65998 

.66129 

.6626 

.76 

.6626 

.66391 

.66522 

.66653 

.66784 

.66915 

.67046 

.67177 

.67308 

.67439 

.6757  i 

.77 

.6757 

.67702 

.67834 

.67966 

.68098 

.68230 

.68362 

.68494 

.68626 

.68768  .6889 

.78 

.6889 

.69023 

.69156 

.69289 

.69422 

.69555 

.69688 

.69821 

.69964 

.70067'  .7022 

.79 

.7022 

.70353 

.70486 

.70619 

.70752 

.70886 

.71018 

.71161 

.71284 

.71417  .7166 
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Numbers. 


.000       .001 


0.80 

.81 
.82 
.83 
.M 
.85 
.86 
.87 
.88 
.89 

0.90 
.91 


0. 71561 
.7290| 
.7426 
.7562 
.7699 
.7837' 
.7975 
.8115 
.8265 
.8396 

0.8538 

.8681 
.8824 


.93 

.8969 

.89835 

.94 

.9114 

.91285 

.96 

.9259 

.92'/37 

.*96 

.M)6 

.94207 

.97 

.9663 

.96679 

.96 

.9702 

.97168 

.99 

.9850 

.9865 

1.00 

1.0000 

1.0015 

1.01 

1.0160 

1.01652 

1.02 

1.0302 

1.03171 

1.03 

1.0163 

1.04683 

l.M 

1.0606 

1.06213 

i.a5 

1.0759 

1.07744 

1.06 

1.0913 

1.09285 

1.07 

1.1068 

1.10836 

1.06 

L1224 

1.12396 

1.09 

1.1380 

1.13967 

1.10 

1.1587 

1.15628 

1.11 

1.1696 

1.17108 

1.12 

1.1853 

1.18689 

1.13 

1.2012 

1.20280 

1.14 

1.2172 

1.21880 

1.15 

1.2332 

1.23482 

1.16 

1.2494 

1.25102 

1.17 

1.2656 

1.26722 

1.18 

1.2818 

1.28343 

1.19 

1.2981 

1.29974 

1.20 

1.3145 

1. 31615 

1.21 

1.3310 

1.33266 

1.22 

1.3475 

1.34916 

1.23 

1.3<M1 

1.36577 

1.24 

1.3808 

1.38217 

1.25 

1.3975 

1.39919 

1.26 

1.4144 

1.41608 

1.27 

1.4812 

1.4829 

L28 

1.4482 

1.4499 

,        1.29 

1.4652 

1.4669 

0.71685 
.73035 
.7438' 
.  7575" 
.77128 
.78508 
.79890 
.8129 
.82691 
.84102 

0.85523 
.86953 

.88385 


.002 

0.71820 
.7317 
. 74524 
.75894 
.77266 
.78646 
.80030 
.8143 
.82882 
.84244 

0.85666 
.87096 
.8853 
.89980 
.9143 
.92884 
.94364 
.96828 
.97316 
.9880 

1.0030 

1.01804 

1.03322 

1.04836 

1.06; 

1.07898 

1.09440 

1.10992 

1.12552 

1.14114 

1.16686 
1.17266 
1.18848 
1.2O440 
1.22040 
1.23644 
1.25264 
1.26884 
1.28506 
1.30138 

1.31780 

1.33430 

1.35082 

1.36744 

1.38414 

1.40088 

1.41776 

1.4346 

1.4516 

1.4686 


.008  I  .004  I  .006  I  .006 


0. 71965 
.7330o| 
.74661 
.76031 
.774(4 
.787S4 
.80170 
.8157  I 
.82973 
.84386 

0.85809| 
.87239] 
.88675 
.9012.51 
. 91575 


.94501 
.95977! 
.97464 
.9895 

1.0015 

1.01966 

1. 03473' 

1.04989! 

1.06519| 

1.08062 

1.00596| 

1.11148 

1.12708 

1.14271 

1.15^44] 
1. 17424 
1. 190071 
1.206001 
I.222O0I 
1.23806 
1.25426 
1.27046' 
l.i 


1.30802 

1.31946 

1.83i 

1.85248 

1.86911 

1.38681 

1.40257 

1.41944 

1.4363 

1.4583 

1.4703 


0.72090 
.73440 
.74798 
.76168 
.77542 
.78922 
.8031 
.8171 
.83114 
.84528 

0.a5962 
.87382 
.8H,S20 
.90270, 
.91720, 
.98178 
.94648 
.96126 
.97612' 
.9910  ! 

1.0060  I 
1.02108 
1.03624 
1.05142 
1.06672 
1.08206 
1.09750 
1.11301 1 
1.12864 
1. 14428 

1.16002 
1. 17582 
1. 19166 
1.20760 
1.22360 
1.23968 
1.25588! 
1. 27208' 
1.288321 
1.30466 

1.32110 

1.33760 

1.35414! 

1.37678 

1.38748 

1.40426 

1.421121 

1.4380  I 

1.4560 

1.4720 


0.72226 
.73575 

.749351 

.763061 

.77680 

.790601 

.8045 

.8185  I 

.83265 

.84670 

0.86095 
.87525 

.  s89r.r) 

.90415j 
.91865, 
.  9332.-)' 

.  94795j 
.  96275 
.97760 
.9925 

1.0075  I 
1.02260' 
1.  03775 
1.06296 
1.06825 
1.08360 
1.09905 
1. 11460' 
1. 13020 
1.14585 

1. 16160 
1.17740 
1.19325 
1.20920 
1. 22520 
1.24130 
1.25750 
1.27370 
1.28995 
1.30680 

1.32275 

1.33925 

1.35580 

1.37245 

1. 38915 

1.40695 

1.42280 

1.4397 

1.4567 

1.4737 


0.72360 
.73710 
.75072 
.76443 
.77818 
.99198| 

.8069  ; 

.8199  I 


0.  ?249r> 
.73845' 
.75209} 
.76679! 
.77956 
.79336 
.8073  I 
.8213 


.83396|    .8.3637; 
.84812,     .84954' 


0.86238 
.87668' 
.  89110 
.9056 
.92010 
.  93472 
.  94942; 
.9frl24 
.97908 
.9940 

1.0090 

1.02412 

1.03926 

1.06448| 

1.06978' 

1.08514 

1.10060 

1.11616 

1.13176 

1. 14742 

1.16318 
1. 17898j 
1. 194841 
1.21080 
1.22880 
1.24292' 
1.26912 
1.27632 
1.29158 
1.30794] 

1. 32440 

1.34090 

1.3>746 

1.37412 

1. 39082' 

1.4070)4 1 

1. 42448 

1.4414 

1.4584 

1.4764 


0.86381 
.  87811 
.89256 
.907a^v 
. 92155 


.96089 
.96573| 
.98056 
.9955 

1.0105 
1.02564 
1.04077 
1.05601 
1.07131 1 
1.08668 
1. 10215 
1. 11772 
1.13332 
1. 14899 

1.16476 
1. 180661 
1.19643] 
1.21240 
1.228401 
1.24454 
I.26O74' 
1.276941 
1.29321 
1.30968 

1.82606 

1.34255 

1.35912 

I.37579I 

1.39249 

1.40933 

1.42616 

1.4431 

1.4601 

1.4771 


0.7-2630 
.73980, 
.75346 
. 76716 
.78094* 
.7W74 
.8087 
.8227 
.83678 
.85096, 

0.86524 
.87954 
.8940 
.9085 
.9230 
.93766 
.96236| 
.96722 
.98204' 
.9970 

1.0120 
1.02716 
1.04282 
1.05754 
1.07284 
1.08822 
1.10370 
1. 11928 
1.1JM88 

1. 1505<)' 
I 
1.16634 
1.18214 
1.19802. 
1.2140o| 
1.23000 
1. 24616, 
1.26236 
1.27&56 
1.29484 
1.31122j 

1. 3277o| 

1.34420' 

1.36078| 

1.377461 

1.39416| 

1.41102 

1. 42784 

1.4448 

1.4618 

1.47K8 


.009 

.010 

0. 727&5 

0.7290 

.74115 

.7425 

.7M88 

.7562 

.76853 

.7699 

.78232 

.7837 

.79612 

.7976 

.8101 

.8115 

.8241 

.8256 

.83819 

.8396 

.85238 

.8538 

0. 86667  0.  msi 
.88097  .8824 
.89.'V45'  .8969 
.90995  .9114 
.92445  .9259 
.939131  .9406 

'  .  96383  .  9553 
.96871 1  .9702 
.98352  .9860 
.9985  ,1.0000 

1.0136  1.0150 
1.02868  1.0302 
1.04379' 1.0453 
1.069071.0606 
1.074371.0759 
1.08976,1.0913 
1.105251.1068 
1.120M, 1.1224 
1.18644  1.1380 
1. 15213,1. 1.537 


1. 16792  1, 
1.183721, 
1.1996i;i. 
1.215601, 
1.23160,1. 
1.247781. 
1.26398'l. 
1.280181. 
1.29647jl. 
1.81286'l. 

1.329351. 
1. 31.585  1. 
1.36244  1. 
1.379131. 
1.39583  1, 
1.412711. 
1.42952|l. 
1.4465  11. 
1.4635  \l. 

1.4805    1. 

I 


1695 
1863 
2012 
2172 
2332 
2494 
2666 
2818 
2981 
3146 

3310 
3475 
3611 
3808 
3976 
4144 
4312 
4482 
4652 
4822 
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Table  5. — Tltree-halves  potrernfor  numbers  0  to  1.49 — Continued. 


Numbers,   i  .000 

.001        .002 

1 

008 

.004 

.005 

1.49080 

.006 

.007 

.008 

.009 

.•.o" 

1.30           1.4822 

1.48392,  1.48564 

48786 

1.48908 

1.49252 

1.49424 

1.49696 

1            1 
1.497681.4994 

1.31         ;  1.4994 

1.60112 

1.50284 

1.50456 

1.50628 

1.60800|  1.50972 

1.51144 

1.51816 

1.514881.6166 

1.32         ;  1.M66  1.51832 

1.620(M 

1.62176 

1.62348 

1.62620,  1.52692 

1.52864 

1.58036 

1.632081.5338 

1.33         !  l.&CiS 

1.53654   1.53?28 

1.63902 

1.64076  L  54260  1.64424 

1. 645981  1.54772 

1.64946|1.5512 

1.34           1.5512 

1.56294 

1.5M68 

1.5.5642 

1.65816'  1.66990 

1.66164 

1.56888 

1.56512 

1.666861.5686 

1.36           1.568C|  1.57034 

1.57208 

1.57382 

1.67666,  1.67730 

1.57904 

1.58078 

1.58252 

1.58426  1.5H60 

1.36 

1.5860   1.58775   1.68950 

1.69125 

1.59300  1.59476 

1.8965C 

1.59825 

1.60000 

1. 60175 1. 6035 

1.37 

1.6035|  1.60526   L  60702 

L 60878 

1.61064   1.61280 

1.61406 

1.61582 

1.61758 

1.61984,L62U 

1.38 

1.6211 

1.62287    1.62464 

1.62641 

1.62818  1.62995 

1.68172 

1.63349 

1.63626 

1.63703 

1.6388 

1.39 

1.6388 

1.64057'  1.64234 

1.64411 

1.64688'  1.64766 

1.64942  1.66119 

1.65296 

1.65473 

1.6565 

1.40 

1.6565 

1.65828  1.66006 

1.66184 

1.66362 

1.66640 

1.66718*  1.66896 

1.67075 

1.67252 

1.6743 

1.41         1  1.6743 

1.67608'  1.67786 

1.67964 

1.68142 

1.68320 

1.68498 

1.68676 

1.68864 

1.69032 

1.6921 

1.42         !  1.6921 

1.69389  1.69568 

1.69747 

1.69926 

1.70105 

1.70284 

1.70463 

1.70642 

1.70821,1.7100 

1.43           1.7100 

1.7118  '  1.7136 

1.7164 

1.7172 

1.7190 

1.7208 

1.7226 

1.7244 

1.7262 

1.7280 

1.44 

1.7280 

1.7298  '  1.7316 

1.7334 

1.7352 

1.7870 

1.7388 

1.7406 

1.7424 

1.7442 

1.7460 

1.45 

1. 74<i0 

1. 74781 

1.74962 

1. 75143 

1. 75324 

1.75605  1.75686 

1.75867 

1.76048 

1.76229 

1.7641  , 

1.46           1.7611 

1.76592 

1. 76774 

1.76956 

1.77138'  1.77320'  1.77502 

1.77684 

1.77866 

1.78048 

1.5823  1 

1.47 

1.7823 

1.78412 

1.78594 

1.78776 

1.78958   1.79140   1.79822 

1.79504 

1.79686 

1.798681.8006 

1.48 

1.80a5 

1.80233 

1.80416 

1.80699 

1. 80-/82 

1.80965  1.81148 

1.81331 

1.81514 

1.816971.8188  ^ 

1.49 

1.81H8 

i 

1                1               1               1                1               J                1               1               1               1              1 

Table  6. — Three-halves  pmvers  for  numbers  from  0  to  12. 

\ 

1 

0  ;  I    2 

1 

8 

4 

6 

6 

7            8 

i 

9 

10 

11 

^ 

0.00 

0. 0000 1.0000j2. 8284 

5.1962,  8.0000 

11. 1803  14. 6969  18. 6203  22. 6274 

27.0000,81.6228 

36.4829 

.01 

.  0010 1.0160|2. 8497 

5.2222 

8.0300 

11. 2139  14. 783718. 6600  i 

a.  6699 

27.045031.6702 

36.5326 

.02 

.0028'l.0802  2.8710 

5.2482 

8.0601 

11.247514.770518.59971 

12.7123 

27.089031.7177 

86.5824 

.03 

.00521.0453  2.8923 

5.2743 

8.0902 

11.281i;i4.807318.6394i 

a.  7548 

27.136131.7652 

36.6822 

.04 

.00801.0606  2.9137 

5.30O1 

8.1203 

11.3148 

14, 8442  18. 6792'. 

2.7978 

27.1802181.8127 

86.6820    ' 

.05 

.01121.07692.9352 

5.3266 

8.1505 

11.3485 

14.881018.7190^ 

2.8899 

27.2258  31.8602 

36.7319    , 

.06 

.0147 1.0913  2. 9567|5. 36-28 

8.1807 

11.3822 

14.917918.75895 

2.8825 

27.2706181.9078 

86.7818    ' 

.07 

.01861.10682.9782,5.3791 

8.2109 

11.4160 

14. 9549 18. 7988  i 

2.925127.8156j81.9654 

88.8317 

.08 

.  0226  L 1224  2. 9998^5. 4054 

8, 2412 

11.4497 

14.9919 

18. 8387  2 

2.9677^27.3608,82.0030 

36.8816 

.09          ,  .02701.13803.02155.4317 

8.2715 

11.4836 

15.0289 

18. 8786  2 

53.010327.406032.0506 

86.9315 

0.10 

0.03161.1537  3.0432  5.4681 

8.3019 

11.5174 

15.0669 

18.91852 

!3.0580J27.4512 

32.0983     36.9815 

.11 

.  0365  1.1695|3. 0650  5. 4846 

8.832311.6513 

15.1030 

18.95852 

».  0967  27. 4965 

32.1460     87.0315 

.12 

.  0416 1. 1853  3. 0868  5. 5110 

8.3627Jll.6852 

15.1400 

18.9985  2 

3.1884  27.6418 

32.1987     87.0815 

.13 

.0469  1.2012  3. 108615. 6375 

8.393211.6192 

15. 1772 

19.0386  2 

S.  1812  27. 5871 

82.2414     87.1315 

.14          '  .a524  1.2172  3. 1306!5. 5641 

8.423711.6532 

15. 2143 

19.0786  2 

3.224027.6324 

32.2892     37.1816 

.15          '  .058l'l.2332'3.15255.6907 

8.4542|ll.6872 

15. 2515 

19. 1187  2 

3.266827.6778 

32.3870     37.2317 

.16            .0640 

1.2494  3.1745  5.6173 

8.4848  11.7213 

16.2887 

19.15892 

3.309627.7282 

32.88481    87.2817 

.17            .0701 

1.2656  3.1966  5.6440 

8.51.5411.7554 

15.3260 

19.1990  2 

8.8525j27.7686 

32.43261    37.8319 

.18            .07641.2818  3.2187  6.6708 

8.  M60'l  1.7896 

16.8632 

19.2392  2 

3.3964,27.8140132.4804     87.8820    1 

.19             .  0828 1. 2981  3. 2409l5. 6975 

8. 5767!l  1.8236 

16. 4005  19. 279423. 4383 27. 8595 32. 5283     87.4322    | 
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Table  6. — Three-halres  powerg  for  numhers  from  Olo  13 — Continued. 


^■v<». 


S^    I  • 


a2o 

.21 
.22 
.23 
.24 
.25 
.26 
.27 
.28 
.29 

0.30 
.31 
.32 
.33 
.34 
.35 
.36 
.37 


0.40 
.41 
.42 
.48 
.44 
.45 
.46 
.47 
.48 
.49 

0.60 
.61 
.62 
.68 
.M 
.55 
.56 
.57 
.68 
.59 

0.60 
.61 
.62 
.68 
.64 
.66 
.66 
.67 
.68 
.69 


0.0 


1. 

.09621. 
.  IO32I1. 
.  1103 1. 
.11761, 
.12501. 
.  1326'l. 
.  1403'l. 
.14M21. 
,  .1562,1. 

0. 1643 1. 
.17261. 
.18101. 
.18961. 
.  1983!l. 
.20711 
.21601. 
.22511, 
.•23421. 
.24361. 

0.2530.1. 

t  .28251. 
.27221. 

I  .28201. 

1  .29191, 
.3019,1 
.  31201. 
.32221 
.33251 
.34301. 


I 


4     5 


3145  3. 
33103. 
3475  3. 
36413. 
3808  3. 
3975  3. 
41443. 
431213. 
4482  3. 
46521 


2631 


8077 
8301 


5.7243! 
5. 7512 
5. 7781 1 
5.805o| 
35255.8320 
3750J5.869o| 
39755.8861' 
420115.9132 
4427'.5.9403| 
4654  5. 9675, 


8.6074 
8.6382 
8.6690 
8.6998' 
8.7307 
8. 7616 
8.7925 
8.8235 
8.8545 
8.8856 


11.8578 
11.8920 
11.9263 
11.9606 
11.9949 
12.0293 
12.0636 
12.0981 
12.1325 
12. 1670 


4822  3.48815.9947 
4994  3.51096.0220 
5166'3.5387  6.0493 
5338  3.6566  6.0767 
5612!3.5796}6.1041 
5686  3.60256.1315 
6860  3. 6255^6. 1590 
6035,3.64866.1865 
e211|3.6717  6.2141 
6388,3.6949  6.2417 


6d65|3. 
674313. 
6921 '3. 
7100|3. 
72803. 
7460j3. 
764113. 
7823|3. 
80053 
81883. 


10.35861.8371 


8.96296.6479 


.8868,1.8926 
.3968,1.9111 


.4079 
.4191 
.4803 
.4417 


71816.2693 
74136.2970 
7646  6. 3247 
788o|6.3526 
8114j6.8803 
834916. 4081 
86846.4360 
8819,6.4639 
90656.4919 
9292,6.5199 


.36421.85668.97666.6760 
.  3760,1. 8740  4. 0004|6. 6041 


4.0242'6.6323 
4.0481'6.6606 
1.9297j4.0720'6.6887 
1.9484  4. 0960'6. 7170 
1.96724.12006.7453 
1.98604.14416.7737 
4682  2. 0049^1. 1682  6. 8021 


^0.4648 
,  .4764 


2.02884.1924 
4.2166 


42.0429 
.48822.0619:4.2408 
.50002.0810|4.2661 
.51202.1002l4.2895| 
.5240j2.11954.3189 
.5862|2. 18884.83831 
.5484  2.15814.3628 
.56072.17764.8874 
.  5782  ^1970i4. 4119, 


6.8805 
6.8590 
6.8875 
6.9161 
16.9447 
9783 
|7.0020 
7.030710. 
7.069510. 
7.088310. 


916712. 
9478112. 
979012. 
010212. 
0414112. 
072612. 
104012. 
135312. 
1667|12. 
1. 1981112, 

>.  229512. 
>.  261012, 
1.292512. 
1.824112. 
».  3567 12. 
>.  887312. 
►.4189'l2. 
I.4606ll2. 
►.482412. 
1.614112. 


201515. 
236115. 
2706!l5. 
305316, 


4379 
4752 
5126 
5501 
5866 
6260 
6616 
7001 
7376 
7752 

8129 
8505 
8882 
9260 
9637 
0015 


339915. 

374616. 

409316. 

444o|l6. 

4788 16. 1150'20. 

613616. 


;.0772 


1.1529 


648616. 
583316. 


3196 
3599 
4002 
440) 
480H 
5212 
5576 
6021 
6425 
6830 

7235 
7641 


481227. 
5242'27. 
667227. 
6102'28. 
6533  28. 


10 


6963 
7394 
7826  28. 
8257'28. 
8689  28. 


906032.5762 
9614  32. 6241 ' 
9960  32. 6720j 
0416:32.7200 
0872|32.7680' 
1328132. 8160 
1784  32.8640 
224132.9121 
2698132.9600 
315583.0083 


23.9121128.3612,33.0564 
23, 


T 


804628. 
8452  24. 
8858,24. 0851  28. 
9265!24. 
9672  24. 
0079  24. 


-L 


9563j-28. 4069133. 1046 

9986'28. 

0418  28. 


.L. 


4527j33. 1527 
4985133.2009 
5444  33.2492 
6902  33. 2974 


20. 


0486 
0894 


190920. 

2288'20. 
618216.266820. 
6632I16. 3048 


1285  28. 

171828.6361133.3457 

215228. 

2586  28. 

802128. 


20. 

688216.342920. 
7232*16. 
768216. 
793316. 
828416. 
J16. 


1.3810 
1.4191 
i.46?2 
;.4954 


1.533620. 


9.646912.898616. 
9.677812.983816. 
9.609712.969116. 
9.6416|l3.0043{l6. 
9.6736,13.039616. 

7066|l3.074916. 

7875 13. 1103,16. 


7696 
8016 
8837 


13. 1467  16. 
13.181116. 
13.216616. 


8981 


6718 
6101 
6484 
6867 
7250 
7634 
8018 
8402 
878' 
9172 


9557 
9943 
980313.323117.0328 


13.262016.! 
13.2876|l6.! 


9. 

9. 

9. 962613. 8587  17. 0714121. 0769 

9.9949|l3.3943|l7.1101 
10. 
10. 


0272 
0696 


13.429917.148821 
13.465617. 
13.601317. 
1244 13. 6370^17. 


166913.672817. 

I      I 


1874 
2172 
2649 
3087 


180224. 
1710'24. 
2118!24. 
2527'24. 
293624. 
8845|24. 
8765'24. 
4165  24. 
457624. 
4986124 

6396  24. 
6807J24. 
6218'24. 
663024. 
704124. 
7463|25. 
7866  2.5. 
8278125. 
869125. 
9104  25. 


r 

6820  33.8940 
727933.4423 
7739I33.4906 


345628. 
389028. 
432528. 
4761 128. 
519629. 
5632-29. 
6O68J29. 
650529. 
694l'29. 
7378'*29. 


819933.6890 
8659'33.6874 
9119  33.6368 
967933.6842 
004o'83. 7327 
050133.7811 
0962  33.8297 
1424'33. 8782 
188533.9267 
2347  33.9753 

281034.0239 
3272  84.0726 
3735  34.1211 
4198|34. 1698 
4661  34. 2185 
5124  34.2672 


7815|29. 

825329. 

8691  [29. 

9129;29. 

9567  29. 

0005''29. 

0444  29.6588  34.3159 

088829. 


I 


20.9618  25. 
20.993125. 
21.034525. 
25. 
2L1174,'25. 


.1589  25. 
21.200426. 
21.241925, 
21. 2834  25. 
21.8250  26. 


1322  29. 
1762  29. 

220229. 
2642|29. 
3082  29. 
3522  29. 
396329. 
4404  29. 
484530. 
5287  30, 
572980. 
617130. 


6062  34. 3647 
6616  34.4135 
6980  34.4623 

I 

7445  34.5111 
791034.5599 
8375  34. 6088 
8841.34.6677 
9806  34. 7066 
977234.7557 
023834.8045 
0704  34.8535 
1171 '34. 9025 
1638'34.9516 
-Tgrfe 


11 


37.4824 
37.5326 
37.6828 
37.6331 
37.6833 
87.7336 
37.7840 
37.8343 
37.8847 
37.9351 

37.9865 
38.0359 
88.0864 
38.1369 
38.1874 
38.2379 
38.2884 


38.4402 

38.4908 
38.6415 
38.5922 
38.6429 
38.6936 
88.7448 
38.7961 
88.8469 
38.8967 
38.9476 

38.9984 
89.0493 
39.1002 
39. 1511 
39.2020 
39.2530 
39.3040 
39.3550 
39.4060 
39. 4571 

39. 5082 
39.5593 
39.6104 
39. 6616 
39.7127 
39.7639 
39. 8151 
89.8663 
39. 9176 
39.9G89 
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Table  6. — Three-halves  powers  for  numbers  from  0  to  J£ — Continued. 


«  I 


.78 
.79 

0.80 
.81 
.8-2 
.83 

.85 

.m 

.87 
.88 
.89 

0.90 
.91 
.92 
.93 
.94 
.95 
.96 
.97 
.98 
.99 

1.00 


0. 58.^: 
.6983 
.6109 
.tai37 
.6366 
.6495 
.6626 
.6757 
.6889 
.7022 


2.216.54. 
2.23614. 

2. 255s'4. 


2.2755 
2.2952 
2. 3150 
2.3349 
2.3548 


0. 


2.3748  4. 


4366  7. 
46127. 
48597. 
6107  7, 
53.55  7. 
5604  7. 
6853  7. 
6102  7 
6352  7. 
6602 


1171  10. 
146010. 
174910. 
203810. 
232810. 
261810. 
290910. 


1894|13. 
2214,13. 
2545 13. 
2871 '  13. 
319713. 
352413. 
385113. 
3200;i0.417813, 
4506|13. 
4834  13. 


6086 
6444 
6803 
7161,17. 
7521 17. 


r 

3492  10. 
3783  10. 


7880 
8240 
8600 
8961 
9321 


17.342521. 
17.3814J21. 
17.4202  21. 
17.459121. 

498121. 

587021. 

576021. 

615021. 

654121. 

693121. 


I 

3666  25. 
408326. 
449926. 
4916  26. 
533326. 
675125. 
6169|26. 
6587  25. 
7005J26. 
7423,26. 


6613  30. 
705630. 
749930. 
7W2'30. 
839530. 
8828'30. 
927230. 
9716.30. 
016130. 
060530. 


25?2 


I 


10 


2105  35.00061 


35.0497, 


3O4O|35.0988 
3507  36.1479 


3975 
4444 
4912 
6381 


35.1971 
3,5.2462 
35.2954 
35.3446 


6819 


585036.3939 


36.4431 


2.41504.6853  7. 
2. 


7155 

7290 

7425  2. 

7562  2. 

769912. 4959,4. 7861  7. 


.43514.7104  7. 
.45534.7356  7. 
.  4756  4. 7608  7. 


79752. 


.8115 
.8255 


.8538 

.8681 

.8824 

.8969 

.9114 

.9269 

.9406 

.9553 

.9702 

.98502, 

.0000 


6163  4.8114  7. 
5367  4.8367 
5572  4.8621 


5777 
6983 


4.8875 
4.9130 


6812 
7021 


7440 
7650 
7861 
8072 
8284 


61904.9385 
6397  4.9641 
4.9897 
6.01M 
6.0411 


2.723015.0668 
2, 


6.0926 
5.11^ 
5.1443 
5. 1702 
5.1962 


407610. 
4368  10. 
466110. 
495510. 
5248  10. 
554210. 
583710. 
6132  10, 


6427 
6723 


5163 

6492| 
5812 
6160 
6480 
6810 
7141 ' 
7472 
7803 
8134 


7019 10. 
7816 10. 


13.9682 
14.0044 
14.0406 
14.0768 
14.1130 
14. 1493 
14.1866 
14.2219 
14.2582 
14.2946* 


17.7822  21. 
17.7714,21. 
17. 8105'21 
17.8507:21. 
17.888921. 
17.9282,21 
17.9674  22. 
18.0067  22. 
18.046122. 
18.0864'22. 


784226.105030. 
8261 26. 1496,30. 
8681 126. 
910026. 
9520j26. 
994026. 


0361 
0781 
1202 


.  1941,30. 

E.2386'30. 

;.2832[30. 

i.  3278130. 
26.8726:30. 
26. 
26. 


j: 


417131. 

461831. 

1623 '26. 5065  81, 


J. 


7702 
7909 
8207 
8506 
8803 
9102 
9401 
9700 
0000 


846614.8811, 
879814.3675 
9131 '14.4040 
94M  14. 4405 


26.662381. 

26.696081. 

18. 2037  22. 2889  26. 6408  31. 

6856'31. 


18.1248,22.2045 


18. 1642:22. 2467 


9797 
0131 
0464 
0799 
1133 


14.4770 
14.5136 
14.5502 
14.5869 
14.6235' 


18.2432  22.8311 
18.2827|22.8733 
18.322222.4166 
18.3617  22.4579 
18.4013122.6003 
18.4409'22.&426 


1468 14. 6602 18. 4806  22. 5850 


J. 


J^ 


26. 

26. 

26. 

26. 

26. 

26.910081, 

26. 


i.  7305  31. 
i.7753'31, 
1.820231. 


1.8661 


81, 


9550 
1803;i4. 6969118. 5208:22. 6274127. 0000 


678985.4924 

725836.6417 

772835.6911 

819835.6404 

866986.6898 

913935.7392 

961036.7886 

008135.8380 

0558  36.8875 

1024,86.9870 

I 
149686.9666 

196836.0360 

244l'86.0856 

291836.1362 

888636.1848 

885086. 2344 

433236.2841 

480636.8337 

628086. 8834 

5754'S6.4331, 


31. 
31.622836.48291 


II 


40.0202 
40.0715 
40.1228 
40.1742 
40.2256 
40.2770 
40.8284 
40.3798 
40.4318 
4).  4828 

40.5343 
40.5859 
40.6374 
40.6890 
40.7406 
40.7922 
40.8439 
40.8955 
40.W72 
40.9989 

41.0507 
41.1024 
41.1M2 
41.2060 
41.2678 
41.8097 
41.3615 
41.4134 
41.4668 
41.5173 
41.6602 


The  tables  of  three-halves  powers  may  conveniently  be  used 
in  conjunction  with  Crelle's  Rechentafeln,  or  similar  tables  of  the 
products  of  pairs  of  factors.  O  will  usually  be  constant,  or  nearly  so. 
Entering  Crelle's  tables  with  C  or  CL  as  an  argument,  the  discharge 

corresponding  to  values  of  ZT*  read  from  the  tables  here  given  may  be 
taken  out  directly,  and  usually  with  sufficient  precision  at  least  for 
1  foot  length  of  crest,  without  any  arithmetical  computation.     Table  5 

gives  77*  for  values  of  ^from  zero  to  1.5  feet,  advancing  by  thou- 
sandths.    In  Table  6  the  increment  is  0.1  foot,  and  the  range  zero  to 

12  feet.  Should  H^  be  required  for  larger  values  of  H^  it  may  be 
found  from  the  three-halves  power  of  iH,  by  the  formula 


^«=<f)' 
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TABLE  7— FLOW  OVER  BROAD-CRESTED  WEIRS,  WITH  STABLE 

NAPPE. 


This  table  gives  values  of 


where 


Q=  t\LH\ 
L=l 

The  derivation  of  this  coefficient  is  given  in  connection  with  discus- 
sion of  broad-crested  weirs  (pp.  119-121).  It  may  be  applied  to  broad- 
crested  weirs  of  any  width  of  cross  section  exceeding  2  feet  within  such 
limiting  heads  that  the  nappe  does  not  adhere  to  the  downstream  face 
of  the  weir  for  low  heads  nor  tend  to  become  detached  with  increased 
head.  Under  the  latter  condition  the  coefficient  increases  to  a  limit 
near  the  value  which  applies  for  a  thin-edged  weir,  a  point  being 
finally  reached  where  the  nappe  breaks  entirely  free  from  the  broad 
crest  and  discharges  in  the  same  manner  as  for  a  thin-edged  weir. 
The  coefficient,  2.64,  may  often  be  applied  for  weirs  exceeding  2-feet 
crest  width  and  for  heads  from  0.5  foot  up  to  1.5  or  2  times  the  breadth 
of  weir  crest.  If  corrections  for  the  velocity  of  approach  are  required 
the  Francis  correction  formula,  or  its  equivalent,  should  be  used. 

Table  7. — Weir  discharge  per  foot  of  crest  length. 
[Coefficient  Ci=2.64.] 


Head  H,  feel. 

0 

1 

« 

3 

4 

5 

6 

7 

8 

• 

10 

0.00 

0.000 

2.64 

7.47 

13.7 

21.1 

29.5 

38.8 

48.9 

59.7 

71.3 

83.5 

.01 

.003 

2.68 

7.52 

13.8 

21.2 

29.6 

38.9 

49.0 

59.8 

71.4 

83.6 

.02 

.007 

2.72 

7.68 

13.8 

21.3 

29.7 

39.0 

49.1 

59.9 

71.5 

83.7 

.03 

.014 

2.76 

7.64 

13.9 

21.4 

29.8 

39.1 

49.2 

60.1 

71.6 

83.9 

.04 

.021 

2.80 

7.69 

14.0 

21.4 

29.9 

39.2 

49.8 

60.2 

71.7 

84.0 

.06 

.080 

2.84 

7.76 

14.1 

21.5 

30.0 

39.3 

49.4 

60.3 

71.9 

84.1 

,06 

.089 

2.88 

7.81 

14.1 

21.6 

80.0 

89.4 

49.5 

60.4 

72.0 

H4.2 

.07 

.049 

2.92 

7.86 

14.2 

21.7 

80.1 

39.5 

49.6 

60.5 

72.1 

84.4 

.08 

.060 

2.96 

7.92 

14.3 

21.8 

30.2 

39.6 

49.7 

60.6 

72.2 

84.5 

.09 

.071 

3.00 

7.98 

14.3 

21.8 

30.3 

39.7 

49.8 

60.7 

72.3 

84.6 

0.10 

0.088 

3.04 

8.03 

14.4 

21.9 

30.4 

39.8 

49.9 

60.8 

72. 5 

H4.7 

.11 

.096 

3.09 

8.09 

14.5 

22.0 

30.5 

39.9 

50.0 

61.0 

72.6 

84.9 

.12 

.110 

3.13 

8.15 

14.5 

22.1 

30.6 

40.0 

60.2 

61.1 

72.7 

85.0 

.13 

.124 

3.17 

8.21 

14.6 

22.2 

30.7 

40.1 

60.3 

61.2 

72.8 

85.1 

.14 

.188 

3.21 

8.26 

14.7 

22.2 

30.8 

40.2 

50.4 

61.3 

72.9 

85.2 

.16 

.163 

3.26 

8.32 

14.8 

22.3 

30.8 

40.3 

50.5 

61.4 

73.1 

85.4 

.16 

.169 

8.30 

8.38 

14.8 

22.4 

30.9 

40.4 

50.6 

61.5 

73.2 

85.5 

.17 

.185 

3.34 

8.44 

14.9 

22.5 

31.0 

40.5 

50.7 

61.6 

73.3 

85.6 

.18 

.202 

3.38 

8.50 

15.0 

22.6 

31.1 

40.6 

50.8 

61.8 

73.4 

85.7 

.19 

.218 

3.43 

8.56 

15.0 

22.6 

81.2 

40.7 

50.9 

61.9 

73.5 

85.9 
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Table  7. —  Weir  diAchargi'  per  foot  of  creM  length — Continued. 


Head  i/,  feet. 

"\ 

0 

1 

2 

8 

4 

5 

6 

7 

» 

9 

10 

O.'JO 

0.236 

3.47 

K.61 

15.1 

•^.7 

31.3 

40.8 

61.0 

62.0 

73.7 

86.0 

.21 

.254 

3.51 

8.67 

15.2 

22.8 

31.4 

40.9 

51.1 

62.1 

73.8 

86.1 

.22 

.272 

3.56 

8.73 

15.2 

22.9 

31.5 

41.0 

61.2 

62.2 

73.9 

86.2 

.23 

.291 

3.60 

\S.79 

15.3 

23.0 

31.6 

41.0 

51.3 

62  3 

74.0 

86.4    j 

.24 

.310 

3.64 

8. 85 

15.4 

23.0 

31.7 

41.1 

61.4 

62.4 

74.1 

86.5    1 

.25 

.330 

3.69 

8.91 

16.5 

23.1 

31.8 

41.2 

51.5 

62.6 

74.3 

86.6 

.20 

.850 

3.73 

8.97 

15.5 

23.2 

31.8 

41.8 

51.6 

62.7 

74.4 

86.8 

.27 

.870 

3.78 

9.03 

15.6 

23.3 

31.9 

41.4 

51.7 

62.8 

74.6 

86.9 

.28 

.391 

8.82 

9.09 

15.7 

23.4 

32.0 

41.5 

61.9 

62.9 

74.6 

87.0 

.29 

.412 

3.87 

9.15 

15.8 

23.4 

32.1 

41.6 

52.0 

63.0 

74.8 

87.1 

0.30 

0.434 

3.91 

9.21 

15.8 

23.5 

82.2 

41.7 

52.1 

63,1 

74.9 

87.3 

.31 

.456 

3.96 

9.27 

15.9 

23.6 

32.3 

41.8 

52.2 

63.2 

75.0 

87.4 

.32 

.478 

4.00 

9.33 

16.0 

23.7 

32.4 

41.9 

52.3 

63.4 

75.1 

87.5 

.33 

.500 

4.05 

9.39 

16.0 

23.8 

32. 5 

42.0 

52,4 

63.5 

75.2 

87.6 

.34 

.524 

4.10 

9.45 

16.2 

23.9 

32.6 

42.1 

52.6 

63.6 

76.4 

87.8 

.35 

.547 

4.14 

9.51 

16.2 

24.0 

32.7 

42.2 

52.6 

63.7 

75.5 

87.9 

.36 

.570 

4.19 

9.57 

16.8 

24.1 

32.8 

42.3 

62.7 

63.8 

75.6 

88.0 

.37 

.594 

4.23 

9.63 

16.3 

24.1 

32.8 

42.4 

62.8 

63.9 

75.7 

88.2 

.38 

.618 

4.28 

9.69 

16.4 

24.2 

32.9 

42.5 

62.9 

64.0 

75.8 

88.8 

.39 

.643 

4.33 

9.75 

16.5 

24.3 

33.0 

42.6 

68.0 

64.2 

76.0 

88.4 

0.40 

0.668 

4.37 

9.82 

16.6 

24.4 

33.1 

42.7 

68.1 

64.8 

76.1 

88.5 

.41 

.693 

4.42 

9.88 

16.6 

24.4 

88.2 

42.8 

63.2 

64.4 

76.2 

88.7 

.42 

.719 

4.47 

9.94 

16.7 

24.5 

33.3 

42.9 

68.4 

64.5 

76.8 

88.8 

.43 

.744 

4.51 

10.0 

16.8 

24.6 

33.4 

43.0 

53.6 

64.6 

76.4 

88.9 

.44 

.771 

4.56 

10.1 

16.8 

24.7 

33.5 

48.1 

63.6 

64.7 

76.6 

89.0 

.45 

.797 

4.61 

10.1 

16.9 

24.8 

33.6 

43.2 

58.7 

64.8 

76.7 

89.2 

.46 

.824 

4.66 

10.2 

17.0 

24.9 

33.7 

48.3 

68.8 

66.0 

76.8 

89.8 

.47' 

•.851 

4.70 

10.2 

17.1 

24.9 

33.8 

48. 4 

63.9 

66.1 

76.9 

89.4 

.48 

.878 

4.75 

10.3 

17.1 

25.0 

83.9 

43.6 

64.0 

65.2 

77.0 

89.6 

.49 

.905 

4.80 

10.4 

17.2 

25.1 

34.0 

43.6 

64.1 

65.8 

77.2 

89.7 

0.50 

0.984 

4.85 

10.4 

17.3 

25.2 

34.0 

43.7 

64.^ 

66.4 

77.8 

89.8 

.51 

.961 

4.90 

10.5 

17.4 

25.3 

34.1 

43.8 

64.3 

65.6 

77.4 

90.0 

.52 

.990 

4.95 

10.6 

17.4 

25.4 

34.2 

44.0 

54.4 

66.6 

77.6 

90.1 

.53 

1.02 

5.00 

10.6 

17.5 

25.4 

34.3 

44.1 

64.6 

66.8 

77.7 

90.2 

.64 

1.05 

6.04 

10.7 

17.6 

25.6 

34.4 

44.2 

54.7 

66.9 

77.8 

90.8 

.55 

1.08 

5.09 

10.8 

17.7 

25.6 

34.5 

44.3 

64.8 

66.0 

77.9 

90.J& 

.56 

1.11 

6.14 

10.8 

17.7 

26.7 

34.6 

44.4 

64.9 

66.1 

78.0 

90.6 

.57 

1.14 

5.19 

10.9 

17.8 

25.8 

34.7 

44.6 

65.0 

66.2 

78.2 

90.7 

.58 

1.17 

5.24 

10.9 

17.9 

25.9 

34.8 

44.6 

55.1 

66.3 

78.8 

90.8 

.59 

1.20 

6.29 

11.0 

18.0 

26.0 

34.9 

44.7 

65.2 

66.6 

78.4 

91.0 

0.60 

1.28 

5.34 

11.1 

18.0 

26.0 

35.0 

44.8 

65.3 

66.6 

78.5 

91.1 

.61 

1.26 

5.39 

11.1 

18.1 

26.1 

36.1 

44.9 

56.4 

66.7 

7S.« 

91.2 

.62 

1.29 

5.44 

11.2 

18.2 

26.2 

35.2 

46.0 

66.5 

66.8 

78.8 

91.4 

.63 

1.82 

6.49 

11.2 

18.2 

26.3 

86.3 

46.1 

55.6 

66.9 

78.9 

91.6 

.64 

1.35 

5.54 

11.3 

18.3 

26.4 

36.4 

46.2 

65.7 

67.0 

79.0 

91.6 

.65 

1.38 

5.60 

11.4 

18.4 

26.5 

85.4 

46.3 

66.9 

'  67.2 

79.1 

91.8 

.66 

1.42 

6.65 

11.4 

18.5 

26.6 

86.5 

45.4 

56.0 

67.3 

79.8 

91.9 

.67 

1.45 

5.70 

11.5 

18.6 

26.6 

s.'i.e 

45.5 

66.1 

67.4 

79.4 

92.0 

.68 

1.-18 

5.76 

11.6 

18.6 

26.7 

35.7 

46.6 

56.2 

67.5 

79.5 

92.1 

.69 

1 

1.51 

6.80 

11.6 

18.7 

26.8 

35.8 

45.7 

66.3 

67.6 

79.6 

92.3 
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Table  7. —  Weir  discharge  j^er  foot  of  (rest  length — Continutni. 


Hwdjr.feet. 

0 

1 

2 

S 

4 

V^, 
% 

6 

^\ 

5.85 

11.7 

18.8 

26.9 

0.70 

1.66 

35.9 

.71 

1.58 

5.90 

11.8 

18.9 

27.0 

36.0 

.72 

1.61 

5.96 

11.8 

18.9 

27.1 

36.1 

.78 

1.66 

6.01 

11.9 

19.0 

27.2 

36.2 

.74 

1.68 

6.06 

12.0 

19.1 

27.2 

36.3 

.76 

1.71 

6.11 

12.0 

19.2 

27.3 

36.4 

.7« 

1.75 

6.16 

12.1 

19.2 

27.4 

36.6 

.77 

1.78 

6.22 

12.2 

19.3 

27.5 

36.6 

.78 

1.82 

6.27 

12.2 

19.4 

27.6 

36.7 

.79 

1.86 

6.32 

12.3 

19.5 

27.7 

36.8 

0.80 

1.89 

6.88 

12.4 

19.6 

27.8 

36.9 

.81 

1.92 

6.48 

12.4 

19.6 

27.8 

37.0 

.82 

1.96 

6.48 

'    12.5 

19.7 

27.9 

37.1 

.83 

2.00 

6.54 

12.6 

19.8 

28.0 

37.2 

.84 

2.08 

6.59 

12.6 

19.9 

28.1 

37.3 

.86 

2.07 

6.64 

12.7 

19.9 

28.2 

87.4 

.86 

2.10 

6.70 

12.8 

20.0 

28.3 

37.4 

.87 

2.14 

6.75 

12.8 

20.1 

28.4 

37.5 

.88 

2.18 

6.80 

12.9 

20.2 

28.6 

87.6 

.89 

2.22 

6.86 

18.0 

20.2 

28.5 

87.7 

0.90 

2.26 

6.91 

18.0 

20.3 

28.6 

87.8 

.91 

2.29 

6.97 

18.1 

20.4 

28.7 

87.9 

.92 

2.83 

7.02 

13.2 

20.5 

28.8 

88.0 

.98 

2.87 

7.08 

18.2 

20.6 

28.9 

38.1 

.94 

2.41 

7.13 

18.8 

20.6 

29.0 

38.2 

.95 

2.44 

7.19 

13.4 

20.7 

29.1 

38.3 

.96 

2.48 

7.24 

18.4 

20.8 

29.2 

38.4 

.97 

2.52 

7.30 

18.6 

20.9 

29.8 

88.5 

.98 

2.66 

7.36 

13.6 

21.0 

29.8 

38.6 

.99 

2.60 

7.41 

13.6 

21.0 

29.4 

38.7 

1.00 

2.64 

7.47 

13.7 

21.1 

29.5 

38.8 

6 

7 

8 

9 

10 

45.8 

56.4 

67.7 

79.8 

92.4 

46.9 

66.5 

67.9 

79.9 

92.5 

46.0 

56.6 

68.0 

80.0 

92.7 

46.1 

56.7 

68.1 

80.1 

92.8 

,    46.2 

56.8 

68.2 

80.2 

92.9 

46.3 

67.0 

68.8 

80.4 

93.0 

1    46.4 

57.1 

68.4 

80.5 

98.2 

46.5 

67.2 

68.6 

80.6 

98.8 

46.6 

67.3 

68.7 

80.7 

93.4 

46.7 

67.4 

68.8 

80.9 

93.6 

46.8 

57.5 

68.9 

81.0 

93.7 

46.9 

67.6 

69.0 

81.1 

98.8 

47.0 

67.7 

69.2 

81.2 

94.0 

47.1 

57.8 

69.3 

81.4 

94.1 

47.2 

58.0 

69.4 

81.5 

94.2 

47.3 

58.1 

69.5 

81.6 

94.4 

47.4 

58.2 

69.6 

81.7 

94.5 

47.5 

58.3 

69.7 

81.9 

94.6 

47.6 

58.4 

69.9 

82.0 

94.7 

47.7 

58.5 

70.0 

82.1 

94.9 

47.8 

58.6 

70.1 

82.2 

95.0 

48.0 

68.7 

70.2 

82.4 

95.1 

48.1 

58.8 

70.8 

82.5 

95.3 

48.2 

69.0 

70.4 

82.6 

95.4 

48.8 

59.1 

70.6 

82.7 

95.5 

48.4 

59.2 

70.7 

82.9 

95.6 

48.5 

69.3 

70.8 

83.0 

96.8 

48.6 

59.4 

70.9 

88.1 

96.9 

48  7 

59.6 

71.0 

83.2 

96.0 

48.8 

59.6 

71.2 

1  83.4 

96.2 

48.9 

59.7 

71.8 

83.5 

96.3 
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TABLE  8.— BACKWATER  CAUSED  BY  A  DAM  OR  WEIR. 

In  a  channel  of  uniform  depth,  width,  and  slope,  let 
/>=Original  uniform  depth, 
r/g^:  Depth  at  the  dam  or  obstruction. 
c?i  =  Depth  at  a  point  upstream. 

/= Distance  upstream  to  the  point  d^, 

7/1= Width  of  channel. 

/i  =  Distance  upstream  to  the  **  hydrostatic  limit." 

aS^=  Natural  uniform  slope  or  inclination  of  water  surface  and 
stream  bed,  assumed  parallel. 

^= Acceleration  of  gravity. 

f=  Coefficient  in  the  Chez}'  or  slope  formula  r^  C^RS^ 

where  7?  is  the  hydraulic  radius=  area  of  section  ^ 

wetted  perimeter 

The  value  of  (7  varies  for  rivers  from  about  50  to  140. 

The  distance  upstream  from  the  obstruction  at  which  the  depth  will 

be  rfj  may  be  found  by  the  formula 

7^  is  a  function  of  -^ ,  whose  value  can  be  expressed  mathematically 

only  as  a  transcendental  equation.     The  numerical  values  of  this  func- 
tion are  given  in  Table  8.     F^  will  be  found  opposite  the  argument 

i>  .^A  1, .:..  n 


V,  and  F^  opposite     , 


Pig.  15.— Concave  bAckwater  giirface. 

The  inverse  problem  of  finding  the  depth  at  any  given  distance  / 
upstream  can  be  solved  only  by  successive  trials. 

Using  the  above  equation,  a  series  of  values  of  d^  may  be  determined 
giving  in  tabular  form  the  corresponding  values  of  I.  From  this  data 
the  form  of  the  surface  curve  may  be  graphically  shown  or  the  depth 
of  back  piling  at  any  point  may  be  interpolated. 

If  i>=5,     ^,=10,     r/=75,     .5=0.0001,     ^=0.5,  and  i^,=0.1318, 
^  G-f  )=<1<^<>^-81T6)=*»«26. 
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Column  (2)  in  the  following  table  gives  the  values  of  I  for  various 
values  of  d^  computed  by  means  of  formula  (115). 

Form  of  backwater  curve  above  a  dam. 


d 

I 

' 

di-S 

Depth, 
feet 

(1). 

Distance 

from  dam 

to  depth  di, 

feet 

(2). 

Hydrostatic 

depth  at 

distaDce  /, 

feet 

(3). 

Depth  of 

"back 

plllnff/' 

feet 

(4). 

9 

11,687 

8.83 

.17 

8 

24,277 

7.57 

.43 

7 

38.526 

6.15 

.85 

6.6 

47,024 

5.80 

1.20 

6.4 

48,798 

6.13 

1.27 

6.*8 

50,796 

a6.00 

1.30 

6.2 

52,813 

a6.00 

1.20 

6.1 

56,010 

aS.OO 

1.10 

6 

67,240 

a6.00 

1.00 

5.6 

67,252 

«6.00 

.60 

6.3 

82,940 

a5.00 

.30 

5.1 

101,256 

a5.00 

.10 

a  Above  hydrostatic  limit. 


If  the  pond  formed  by  the  dam  were  level,  the  hydrostatic  dipth  S 
at  any  distance  upstream  would  be 


6=d^—l  sin  S 


(IIH) 


Column  (3)  in  the  above  table  shows  this  factor  for  the  several  values 
of  /.  The  true  ''back  piling"  or  rise  due  to  the  mirfcwe  curvature  is 
expressed  by  the  difference  rf,— <^,  as  given  in  column  (4). 

This  quantity  has  a  maximum  value  at  the  hydrostatic  limits  or  ter- 
minus of  the  level  pond,  where  ^=D. 

Its  location  is  such  that  if  l^  is  the  distance  upstream  from  the  dam 


(117) 


Fio.  16.  — Convex  backwater  fnirface. 


In  the  example  given  the  hydrostatic  limit  occurs  at  a  distance 
^1 =50,000  feet  above  the  dam,  at  which  point  the  maximum  back  piling 
of  about  1.31  feet  occurs. 

Above  the  hydrostatic  limit  the  depth  of  back  piling  is  d^-D, 
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When  8>'J, (118) 

the  pond   surface  will   not  be  concave,  but  a  remou  or  hydraulic 
jump  will  occur,  having  a  height 


^'=''^Jd.'i ("**) 


'2y 

where  Vi  is  the  mean  velocity  corresponding  to  dy.  To  find  the  dis- 
tance upstream  to  the  point  where  the  jump  occurs,  solve  equation 
(115)  for  the  value  of  d^^  found  by  formula  (119). 

If  x^=:  0.004        6^=100        ^C  =  O.Oi»321H. 

Ud,  =  ry         w=-10{)         D^h         i?=J^j^=4.55. 

'2^i  =  10(y  4.55  ^^^^  =18.49  feet  per  second. 

Let  the  depth  at  the  dam  be  10  feet;  using  //,  as  found  above  as  the 
terminal  depth  in  formula  (115),  we  obtain 

'^0.004    +^Co:oo4~^^V^^^~^^^ 
;^=^,=0.669       ^^=0.5 

i'l  =  0.2578  i<;=0.1318 

/=630+(250-311)X 0.126=622.3  feet 

The  hydrostatic  limit  in  this  case  is 

IQ 5 

^■  =  0:004=l'250feet. 

If  the  channel  above  an  obstruction  consists  of  successive  reaches 
having  different  slopes  or  cross  sections,  the  depth  at  the  head  of  the 
first  reach  or  level  may  be  found  by  the  method  outlined,  and  using 
this  as  the  initial  depth  <7^,  a  similar  solution  may  be  made  for  the 
second  and  succeeding  levels." 

a  Table  8  has  boen  extended  from  Bresse's  original  table  by  interpolation.  Demonstrations  of  the 
formulas  here  given  may  be  found  in  Merrlman's  or  Bovey's  Hydraulics.  In  case  of  a  fall  a  different 
function  must  be  employed.    Its  values  will  be  found  in  the  works  mentioned. 
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Table  8. — Bactivater  functuyii  (F)  for  a  dam  or  obstruction. 
[The  column  headings  are  hundredths  for  values  of  ^  from  zero  to  0.'i9.  thoiwandthH  for  values  of  ^ 
from  0.30  to  0.899,  and  ten-thousandtlis  for  values  of  ^  from  0.900  to  0.999.] 


D 
d 

0 

1 

2 

S 

4 

5 

6 

7 

K 

9 

F 

F 

F 

F 

F 

F 

F 

'  f' 

;:• 

F 

\    0.0 

0.0000 

0.0001 

0.0003 

o.ooa5 

0,0009 

0.0013 

0.0018 

0.0026 

0.0031 

0.0042 

1   .1 

.0060 

.0061 

.0072 

.0085 

.0098 

.0113 

,0128 

.0045 

.  0162 

.0181 

1   '^ 

.0201 

.0221 

.0243 

.0266 

.0290 

.0314 

.o:mo 

.0367 

.  (KWo 

.(M25 

0.30 

0.0455 

0.(M58 

0.0461 

0.0464 

0.0467 

0.0471 

0.0474 

0.0477 

0.0480 

0.0483 

.31 

.(M86 

.(M89 

.0493 

.0496 

.0499 

.0503 

.0506 

.0509 

.0512 

.a516 

.32 

.0519 

.05-22 

.0626 

.0629 

.0633 

.0636 

.0539 

.a-MS 

.0546 

.0550 

1   .33 

.0553 

.0566 

.0660 

.0563 

.0667 

.0570 

.0573 

.0577 

.0.V40 

.0584 

.34 

.0587 

.0591 

.0594 

.0698 

.0601 

.0605 

.0609 

.0612 

.0616 

.0619 

1   .85 

.0623 

.0627 

.0630 

.0634 

.0638 

.0642 

.0615 

,0649 

.06.>3 

.0656 

.36 

.0660 

.0664 

.0668 

.0672 

.0676 

.0680 

.0683 

,0687 

.0691 

.0695 

.37 

.0699 

.0703 

.0707 

.0711 

.0715 

.0718 

.0722 

,0?26 

.0730 

.0734 

.38 

.0738 

.0742 

.0746 

.0750 

,0754 

.0758 

,0763 

.0767 

.0771 

.0775 

.39 

.0779 

.0783 

.0787 

.0792 

.0796 

.0800 

.0804 

.0808 

.0813 

.0817 

0.40 

0.0821 

0.0825 

0.0830 

0.0834 

0.0839 

0.0843 

0.0847 

0.0852 

0.08.'>6 

0.0861 
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184        WKIR    EXPEKIMENTS,   COEFFICIENTS,   AND   FORMULAS. 
Tablk  H. — liachvnter  function  {F)  for  a  dam  or  obstruction — Continued. 

[The  r<)lumn  heH(liiit(?<  Hro  hundredthH  for  values  of    .  from  zero  to  0.29,  thousandths  for  vallle^  «»f   , 
.  d  d 

fr«»m  0.:«)  to  0.^99.  and  ten-thousandths  f<»r  values  of  ^^  from  0.900  to  0.999.] 
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Table  8. — Backvxtter function  (F)  for  a  dam  or  obMruction — Continued. 
[The  column  headinjc»  are  hundredths  for  values  of  ^  from  zero  to  0.29,  thonxandths  for  values  of  — 

from  0.80  io  0.899,  and  ten-thou.siindths  for  values  of  ^  from  0.900  U>  0.999.] 
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1.105:1 

1.1066 

1.1079 

1.1092 

.975 

1.1105 

1.1119 

1.1132 

1.1146 

1. 1159 

1.1178 

1.1187 

1.1200 

1.1214 

1.1227 

.976 

1.1241 

L1256 

L12e9 

1.1284 

L1298 

1.1812 

1.1326 

1.1340 

1.1:1.55 

l.i:i69 

1   .977 

1.1383 

1.1398 

1. 1413 

1.1427 

1. 1442 

1.1457 

1. 1472 

1. 1487 

1.1501 

1. 1516 

.978  1  L1581 

1.X546 

1. 1562 

1. 1578 

1.1598 

1.1608 

1.1624 

1.1640 

1.1655 

1. 1670 

.979 

1.1686 

1.1702 

1.1718 

1.1735 

1.1751 

1. 1767 

1.1783 

1.1799 

1, 1816 

1. 1832 
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Table  8. — Backwater  function  (F)  far  a  dam  or  obstruction — Continued. 

[The  column  headings  are  hundredths  for  vahies  of     ,  from  zero  to  0.29,  thousandths  for  vainer 

d 

of  ^-  (mm  0.30  to  0.899,  and  ten-thousandths  for  vaUies  of  £.  from  0.900  to  0.999.1 
a  a 


I) 
d 

0 

2 

3 

4 

5 

« 

7 

8 

9 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

0.9>H) 

1.1^8 

1.1865 

1. 1882 

1.1899 

1.1916 

1.1934 

1.1951 

1.1968 

1.1985 

1.2002 

.9K1 

1.2019 

1.20:^7 

1.2055 

1.2073 

1.2091 

1.2109 

1.2127 

1.2145 

1.2163 

1.2181 

.982 

1.2199 

1.2218 

1.'2237 

1.2256 

1.2275 

1.2-294 

1.2314 

1.-2333 

1.23.52 

1.2371 

.983 

1.2390 

1.2410 

1.2430 

1.2r>l 

1.2471 

1.2491 

1.2511 

1.-2531 

1.2.552 

1.2572 

.984 

1.2592 

1.2614 

1.26;i5 

1.2656 

1.-2678 

1.2700 

1.2721 

1.2742 

1.2764 

1.2786 

.98.^ 

1.2807 

1.2830 

1.285;i 

1.2876 

1.'2899 

1.2922 

1.2945 

1.2968 

1.2991 

1.3014 

.986 

1.3037 

1.3062 

1.3086 

1.3111 

1.3136 

1.3160 

1.3185 

1.3210 

1.32:i.=> 

1.3259 

.987 

1.3284 

1.3311 

1.3337 

1.3:364 

1.3391 

1.3418 

1.3444 

1.3471 

1.S498 

1.3524 

.988 

1.3551 

1.3r»80 

1.3609 

1.3638 

1.3667 

1.3696 

1.3725 

1.3764 

1.3783 

1.3812 

.989 

1.3841 

1.3873 

1.3905 

1..3936 

1.3968 

1.4000 

1.4032 

1.4064 

1.4095 

1.4127 

0.990 

1.4159 

1.4194 

1. 42*29 

1.4264 

1.4299 

1.4334 

1.4370 

1.4405 

1. 4440 

1.4475 

.991 

1.4510 

1.4549 

1.4.588 

1.4628 

1.1667 

1.4706 

1. 4745 

1.4784 

1.4824 

1.4i^3 

.992 

1.4902 

1.4947 

1.49'Jl 

1.5036 

1.5080 

1.5125 

1.5170 

1.5214 

1.5259 

1.5303 

.993 

1.5348 

1.5399 

1.5451 

1..5502 

1.. 5.553 

1.5604 

1.5656 

1.5707 

1.5758 

1.5810 

.994 

1.5861 

1.5922 

1.5983 

1.6043 

1.6104 

1.6165 

1.6226 

1.6287 

1.6347 

1.6408 

.995 

1.6469 

1.6543 

1.6618 

1.6692 

1.6767 

1.6W1 

1.6915 

1.6990 

1.7064 

1. 7139 

.996 

1.7213 

1.7309 

1.740.5 

1. 7501 

1.7597 

1.7692 

1.7788 

1.7884 

1.7980 

1.8076 

.997 

1.8172 

1.8307 

1.8442 

1.8577 

1.8712 

1.8M8 

1.8982 

1.9118 

1.9253 

1.9388 

.998 

1.9523 

1.9754 

1.9986 

2. 0216 

2.0447 

2.0678 

2.0910 

2. 1141 

2.1378 

2.1603 

.999 

2.1834 
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LETTER   OF   TRANSMITTAL. 


Department  of  the  Interior, 
United    States    Geological    Survey, 

Hydrographic  Branch, 
Washington,  I).  C\,  June  .9,  1905. 
Sir  :  I  transmit  herewith  a  manuscript  entitled  "  Field  Assay  of 
Water,''  by  Marshall  O.  Leighton,  and  request  that  it  be  published  as 
one  of  the  series  of  Water-Supply  and  Irrigation  Papers. 

In  this  manuscript  are  described  and  discussed  the  methods  which 
have  for  some  time  been  used  with  success  in  connection  with  the 
investigations  into  the  quality  of  water  in  various  parts  of  the  United 
States  carried  on  by  the  division  of  hydro-economics.  As  the  meth- 
ods have  proved  of  vahie,  it  is  believed  that  their  publication  in  the 
form  submitted  will  be  of  general  interest. 

Very  respectfully,  F.  11.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  IStaten  Geologicql  Survey. 
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FIELD  ASSAY  OF  WATER 


By  M.  O.  Leighton. 


IT^T^RODUCTION. 

A  chemist  aims  to  secure  exceeding  refinement  in  analytical  meth- 
ods and  reisults.  He  seldom  considers  whether  or  not  a  method  is 
sufficiently  exact  for  certain  broad  purposes.  The  fact  that  it  is 
incomplete,  approximate,  or  susceptible  of  refinement  is  to  him  suffi- 
cient reason  for  improving  or  rejecting  it  at  the  first  opportunity. 

The  scrutiny  to  which  chemical  methods  have  been  subjected  in 
the  endeavor  to  secure  exact  results  has  led  in  many  cases  to  processes 
so  complicated  and  expensive  that  in  commercial  work  the  advan- 
tages do  not  compensate  for  the  increased  cost  and  delay  which  the 
methods  involve.  The  result  has  been  that  the  chemical  profession 
distinguishes  between  two  classes  of  chemical  methods  which  differ 
in  degree  of  accuracy.  The  first  includes  the  exact  methods,  which 
afford  reiiults  as  nearly  perfect  as  chemical  procedure  will  permit. 
Such  methods  are  used  in  all  cases  where  minute  differences  in  analy- 
sis would  cause  errors  in  interpretation  or  in  subsequent  chemical 
procedure.  The  second  class  consists  of  ''  commercial  methods,"  so 
called  because  the  results  obtained  by  them,  while  departing  from 
the  actual  truth,  are  sufficiently  accurate  to  insure  the  profitable  con- 
duct of  industrial  chemical  processes  without  appreciable  error  or 
waste.  Methods  of  the  first  class  are  the  product  of  chemistry, 
while  those  of  the  second  are  used  in  response  to  the  demands  of 
expediency — ^they  are  good  enough  for  the  purposes  for  which  they 
are  used. 

In  no  branch  of  chemistry  are  approximate  results  more  service- 
able than  in  the  analysis  of  water  for  hydro-economic  surveys,  or 
surveys  made  to  determine  the  value  of  water  and  its  applicability 
for  use  in  domestic  supply,  boilers,  industries,  etc.  Under  the  condi- 
tions which  generally  prevail  it  is  necessary  to  resort  to  long,  tedious, 
and  expensive  processes  in  order  to  secure  a  determination  of  the 
character  and  amount  of  foreign  constituents  in  water.  It  is  the 
practice  in  such  cases  to  secure  a  sample  of  the  water  and  transport 
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it  to  a  laboratory,  where,  after  conventional  delays,  it  is  passe<l 
through  the  usual  course  of  analysis. 

There  has  in  the  past  been  surprisingly  little  discrimination  used 
with  reference  to  the  selection  of  determinations  for  specific  purposes, 
and  as  a  general  rule  the  same  procedure  has  usually  been  followed 
without  regard  to  the  object  of  the  particular  investigation.  If  the 
purpose  of  the  analysis  is  to  determine  the  incrusting  constituents, 
the  course  pursued  has  been  to  follow  the  entire  analytical  procedure. 
If,  on  the  other  hand,  it  is  desired  to  determine  the  amount  of  organic 
pollution  in  a  water  and  show  its  value  for  domestic  use,  the  chemist 
forthwith  begins  the  round  of  nitrogen  determinations,  and  closes 
with  a  statement  of  the  oxygen  consumed  and  the  number  of  bacteria 
per  cubic  centimeter.  In  only  a  few  well-known  laboratories  has 
this  rule  been  violated,  and  such  is  the  conservatism  in  the  chemical 
profession  that  it  will  probably  be  largely  followed  in  future.  Con- 
servatism is  the  safeguard  of  science  and  one  of  the  most  commenda- 
ble qualities  of  a  chemist,  but  an  excess  is  sometimes  almost  as  bad  as 
a  deficiency. 

SANITARY  ANALYSES. 

The  requisites  to  be  met  by  a  water  in  almost  every  line  of  special 
development  are  broad  and  flexible.  In  the  sanitary  analysis  certain 
results  receive  certain  interpretations,  which  remain  generally 
unchanged  if  the  results  are  varied  by  1,  2,  3,  or  sometimes  even  10 
per  cent.  A  strange  feature  in  connection  with  sanitary  analyses  of 
water  is  that,  in  addition  to  insisting  upon  superrefinement,  many 
chemists  persist  in  making  determinations  that  are  admittedly  to  no 
purpose.  It  is  a  common  thing  to  see  an  analyst's  report  of  a  water 
containing  the  results  of  determinations  of  albuminoid  and  free 
ammonia,  nitrates,  and  nitrites,  accompanied  by  a  footnote  stating 
that  these  results  are  unworthy  of  trust  and  mean  very  little,  except 
to  verify  conclusions  made  from  inspection  of  the  territory  from 
which  the  water  was  taken.  In  case  such  conclusions  do  not  agree 
with  the  analytical  evidence,  the  latter  is  invariably  discredited. 

It  is  to  be  hoped  that  some  day  the  great  and  growing  swarm  of 
water  analysts  will  awaken  to  the  fact  that  sanitary  analyses,  as  gen- 
erally applied  and  interpreted,  are  but  a  successioji  of  unrelated 
absurdities.  Water  experts,  who  encounter  real  problems,  who  must 
use  analytical  data  as  a  basis  for  the  design  and  construction  of 
purification  plants,  and  whose  varied  experience  has  taught  them  that 
in  the  United  States  the  waters  are  as  diverse  in  character  as  the 
climates,  have  learned  a  few  things  not  taught  in  text-books  nor  antic- 
ipated in  the  beautiful  theory  of  the  oxidation  of  organic  matter. 

The  occasional  isolated  sanitary  analysis  of  water  is  positively  with- 
out value.    There  are  throughout  the  country  numerous  State,  munic- 
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ipal,  and  private  laboratories  in  which  sanitary  analyses  are  car- 
ried on.  The  water  analyzed  to-day  may  be  from  a  well,  to-morrow 
from  a  brook,  and  the  next  day  from  a  pond.  From  the  results  of  a 
single  analysis  wise  and  ponderous  verdicts  are  sent  broadcast,  and 
the  eager,  waiting  public  is  duly  impressed.  No  one  understands 
how  singularly  misleading  a  sanitary  analysis  of  water  can  be  until  he 
has  examined  the  results  of  such  analyses  of  samples  taken  daily  or 
hourly  from  the  same  source ;  then  he  sees  that  in  general  only  a  few 
single  analyses  in  the  group  contain  results  which  would  admit  of  the 
interpretation  that  is  finally  placed  upon  the  series. 

If  there  is  at  hand  a  well-defined  problem  which  involves  the  con- 
sideration of  nitrogenous  matter  and  the  state  in  which  it  appears  in 
a  water,  certain  daily  nitrogen  determinations  are  of  undoubted 
value;  not,  however,  by  reason  of  the  absolute  amounts  which  are 
revealed  in  each  determination,  but  by  reason  of  the  daily  relations 
and  variations  which  appea^  in  the  successive  analyses,  and  upon 
which  int<?rpretations  can  be  placed.  This  statement,  it  should  be 
emphasized,  refers  almost  entirely  to  water  slightly  or  moderately 
polluted,  and  does  not  include  sewage.  The  organic  matter  normally 
occurring  in  a  natural  water,  or  what  may  be  more  accurately 
described  as  a  highly  dilute  sewage,  is,  after  all,  practically  infini- 
tesimal in  amount.  The  difficulties  attendant  upon  a  determination 
of  nitrogen  in  its  various  forms  and  the  true  interpretation  of  the 
results,  grow  less  and  less  as  the  amount  of  organic  matter  is  increased. 
Yet,  even  with  strong  sewages  some  of  the  determinations,  such  as 
albuminoid  ammonia  and  nitrites,  are  not  usually  productive  of  val- 
uable information. 

In  an  article  entitled  "  The  composition  of  sewage  in  relation  to 
problems  of  disposal,"**  Mr.  Oeorge  W.  Fuller  discusses  in  a  charac- 
teristically clear  manner  an  experiment  which  illustrates  the  apparent 
futility  of  the  albuminoid-ammonia  determination,  as  follows: 

lUustrative  of  the  varying  relation  of  nitrogen  in  the  form  of  albuminoid  am- 
monia to  the  total  organic  nitrogen  present  in  raw  sewage,  there  are  given 
below  in  a  table  the  results  of  an  experiment  made  in  the  Lawrence  laboratory 
and  published  in  the  1894  rei)ort  of  the  Massachusetts  State  board  of  health, 
page  4G1.  A  bottle  of  fresh  sewage  was  analyzed  Just  after  its  collection  and 
again  at  frequent  intervals,  allowing  the  natural  decomiM)sition  processes  to 
take  place  at  room  temperature.  In  this  tai)le  it  is  seen  that  fresh  sewage 
contains  dissolved  oxygen,  coming,  of  course,  from  the  water  supply  which  fonns 
the  principal  i>ortion  of  the  sewage.  It  also  contains  nitrogen  in  the  form  of 
nitrates,  as  well  as  other  salts  which  are  completely  oxidized.  Through  the 
agency  of  the  bacteria  and  the  oxygen  dissolved  in  the  water  and  yielded  i)y  the 
oxidize*!  salts,  the  carlwn  of  the  organic  matter  is  oxidized  and  the  organic 
nitrogen  uniting  with  the  hydrogen  forms  free  ammonia. 


•Technology  Quarterly,  .lune,  1003,  pp.  143-144. 
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Thus  it  is  seen  from  the  results  in  the  table,  page  [12],  that  the  dissolved  oxy- 
gen  and  the  nitrates  gradually  disappear,  the  bacteria  for  a  time  increase,  the 
oxygen  consumed  (carbonaceous  matter)  decreases,  the  nitrogen  as  free  ammo- 
nia increases,  and  the  organic  nitrogen  (Kjeldahl)  decreases.  The  nitrogen 
as  albuminoid  ammonia,  however,  remains  approximately  constant,  notwith- 
standing that  more  than  20  parts  of  organic  nitrogen  are  changed  to  free  am- 
monia, and  some  5  or  6  parts  of  free  nitrogen  escape  into  the  atmosphere. 

The  nitrite  determination,  which  has  been  regarded  by  many  as 
one  of  the  most  valuable  pollution  indicators,  fluctuates  in  a  stream 
or  reservoir  according  to  the  amount  of  available  oxygen  rather  than 
the  amount  of  organic  matter  undergoing  oxidation.  It  will  rise 
and  fall  in  amount  when  there  is  a  positive  certainty  that  it  can  not 
be  due  to  increase  or  decrease  of  organic  pollution.  Nevertheless, 
many  an  interpretation  has  been  made  largely  on  the  evidence  pre- 
sented by  this  determination. 

By  far  the  greater  number  of  sanitary  water  analyses  reported 
include  the  determination  of  oxygen  consumed,  a  test  which  is 
dependent  upon  so  many  features  that  as  a  whole  the  great  mass  of 
determinations  which  have  been  made  are  valueless  for  purposes  of 
comparison.  The  following  table,  compiled  by  Mr.  George  W. 
Fuller,  shows  clearly  the  relative  results  of  the  determinations  made 
according  to  different  methods.  In  short,  the  only  practical  value  of 
the  "  oxygen-consumed  "  determination  is  in  its  application  to  highly 
polluted  waters  of  the  same  general  character  and  origin,  and  then 
only  for  purposes  of  comparison  between  the  successive  determina- 
tions made  by  absolutely  the  same  method.  In  other  words,  it  is 
essentially  a  sewage  determination. 

Approximate  comparison  of  average  amounts  of  oxygen  eonsumed  by  sewage  and 
sewage  effluents  as  shown  by  different  methods. 


Method. 


Temperature    Perfod  of  nnntiu-t     R«l*tive 
I    ofaolution.      *'enoa  or  contact,     j^^i^ 


Eflbel,  as  practiced  at  Boston  and  gener- 
aUy  in  Ainerica. 

Kabel,  as  practiced  at  Lawrence,  Mass 

KfibeL  as  practiced  in  Germany 


Boiling 


do  .. 

do.. 

'rSO-'F  ... 
English  official  tests ] do  . . 

I...  do.. 
^'Absolute  '*  oxygen  consnmed !  Boiling  . 


5  minutes  . 

2  minutes . 
10  minutes 

3  minutes . 
15  minutes 

4  hours 

do  .... 


1.00 

.65 
1.25 
.20 
..35 
.60 
4.00 


INORGANIC  ANALYSES. 


In  the  determination  of  inorganic  constituents  in  a  water  it  would 
make  no  difference,  in  the  decision  to  accept  or  reject  that  water  for 
boiler  use,  for  irrigation,  or  for  manufacturing,  if  the  harmful  con- 
stituents were  contained,  for  example,  in  the  proportion  of  40,  44, 
or  48  grains  per  gallon.    The  lines  dividing  good  and  bad  water  for 
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boiler  purposes  are  very  broad.  If  a  water  contains  a  certain  amount 
of  incrusting  constituents  and  a  method  used  is  inaccurate  to  a  limit  of 
5,  or  even  10,  per  cent,  it  would  not  lead  to  the  acceptance  of  a  bad 
water  or  the  rejection  of  a  ^ood  one.  The  *'  good  "  and  ''  bad  '' 
provinces  are  api)roached  too  gradually  to  admit  of  such  consequences. 

Another  error  aris(»s  from  the  conventional  methods  of  expression 
of  re.sults.  If  the  analyst  finds  that  a  water  contains  certain  amounts 
of  calcium,  magnesium,  sodium,  and  potassium,  and  certain  equiva- 
lents of  the  carl)onate,  sulphate,  and  chloride  radicals,  he  unites  these 
substances  according  to  methods  which  are  apparently  not  uniform 
and  entitled  to  little  scientific  justification.  It  is  a  well-known  fact 
that  if  several  chemists,  each  independent  of  every  other,  analyze  a 
certain  water,  there  will  almost  invariably  be  wide  differences  in  the 
expression  of  results. 

Dr.  F.  W.  Clarke,  chief  chemist  of  the  United  States  Geological 
Survey,  in  a  recent  communication  has  given  an  excellent  illustration 
of  the  various  hypothetical  combinations  which  may  l>e  made  of  the 
results  of  a  single  analysis  of  water.  The  statements  are  set  forth  in 
the  following  table.  Each  series  of  cx)mbinations  is  based  upon  a 
generally  accepted  hypothesis,  and  each  represents  a  water  that  is 
festally  different  from  the  others. 


AnalyniH  of  iratrr  from  artrsian  icell  at  Macomb,  IIL<* 
[Grams  per  liter.] 


Statement  iu  ionic  form. 


SiOj 

AlA  --- 
FeA  --. 

SO4 

CO, 

a 

Na 

K 

Ca 

Mg 


0.0105 
.0013 
.0033 
.9991 
.  3953 
.5418 
.8086 
.0237 
.1581 
.0672 


Statement  according  to  hypothetical  combinations. 


.4649 
.  5450 


KCL. '.. 

Naa. !  0.8968 

CaCl^-- ' 

MgCI, I 

K2SO4 .0528 

NajSO^..- 
CaSO^.... 

MgSO, .3360 

K2CO3  ... 
Na^COs  _  _ 
CaCO,  -  - . 
MgCO,--- 
AlA''  -- 
FeA^  - 
SiOj'^ 


0. 0452 

.8384 


.0154 
1.4781 


.6983 


.0013 
.0020 
.0105 


.3952 
.2215 
.0013 
.0020 
.0105 


0.0181 
.7164 
.0877 
.0571 
.0211 

1.2495 
.1218 
.0711 
.0084 
.2793 
.2278 
.  1355 
.0013 
.0020 
.0105 


0.0211 
.8172 
.0292 
.0242 
.0246 

1.0642 
.2223 
.1357 
.0028 
.3259 
.2076 
.1190 
.0013 
.0020 
.0105 


3.0076  3.0076  3.0076   3.0076 

I  I  I 


n  Bv  Georf?e  Stei|<er,  laboratory  of  United  States  Qeologrical  Survey. 
t'AlaOs,  Fe.jOa,  SiC^,  conventionally  regarded  as  colloidal, 
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The  inorganic  constituents  of  a  water  should  invariably  be  ex- 
pressed as  positive  and  negative  ions,  and  if  so  expressed  the  result 
determined  according  to  approximate  methods  is  as  valuable  as  the 
expression  of  precisely  determined  constituents  united  according  to 
the  individual  ideas  of  the  analyst. 

GENERAL  OBSERVATIONS. 

A  practical  disadvantage  in  chemical  water  surveys  arising  from 
the  insistence  on  refined  methods  of  analysis  and  lack  of  discrim- 
ination in  the  choice  of  specific  determinations  is  the  delay  which 
arises  in  securing  valuable  information  with  reference  to  wide  areas. 
Months  and  even  years  have  been  spent  upon  water  surveys  covering 
only  a  comparatively  small  portion  of  the  country.  Two  examples 
are  here  cited. 

The  most  important  chemical  survey  in  the  United  States  has  been 
carried  on  since  1888  by  the  Commonwealth  of  Massachusetts.  This 
survey  work  may  safely  be  taken  as  the  standard  in  this  or  any  other 
country.  During  this  periml  of  sixteen  years  the  appropriations  for 
the  work  have  been  on  an  average  about  $30,000  a  year,  making  a 
total  cost  of  not  far  from  $480,000.  A  large  part  of  this  sum  has 
l>een  used  to  pay  expenses  of  experimentation  and  can  not  be  charged 
to  water  survey.     The  work  was  confined  to  Massachusetts. 

In  the  year  1898  the  Ohio  State  board  of  health  commenced  an 
examination  of  the  principal  streams  of  the  State,  making  monthly 
analyses  of  samples  of  water  taken  from  numerous  points  along 
the  various  streams.  This  work  was  continued  five  years  before  the 
State  was  covered,  and  there  resulted  merely  a  large  number  of  peri- 
odical analyses  in  sets  of  twelve,  showing  the  character  of  the 
stream  water  and  its  variation  according  to  local  conditions. 

These  two  cases  are  typical.  No  one  would  claim  that  all  the 
results  could  have  been  reached  by  the  use  of  field  methods.  Un- 
doubtedly a  large  part  of  them  could  have  been  obtained  far  more 
cheaply  and  quickly,  and  there  would  have  been  no  loss  to  the  cause 
of  pure  water,  nor  to  science  generally,  had  some  of  the  determina- 
tions been  omijted. 

Among  water  analysts  there  seems  to  be  a  general  tendency  to  attack 
every  water  problem  as  though  the  object  were  to  prove  its  fitness  or 
unfitness  for  drinking  purposes.  In  many  investigations  it  is  well 
known  at  the  outset  that  the  water  can  not  he  used  for  domestic  pur- 
poses and  the  problem  is  of  quite  another  character.  The  conven- 
tional grind  of  nitrogen  determinations  has  been  made  to  do  service 
in  almost  every  conceivable  water  problem.  It  has  been  used  fre- 
quently in  investigating  pollution  problems  in  which  organic  matter 
bad  absolutely  no  part.    A  study  of  the  results  obtained  in  many 
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laboratories  will  show  that  in  the  routine  work  a  number  of  deter- 
minations could  he  omitted  without  detriment.  These  facts  are 
mentioned  in  order  to  emphasize  the  point  that  if  care  and  dis- 
crimination were  used  in  the  selection  of  tests  the  work  necessary 
in  carrying  on  chemical  surveys  might  he  decreased  and  the  money 
available  for  such  work  might  be  distributed  over  a  wider  field; 
results  of  more  immediate  use  might  lx»  secured  and  the  completion 
of  a  chemical  survey  would  not  be  postponed  for  the  benefit  of  future 
generations.  '*  Commercial  methods  ''  serve  useful  purposes  in  man- 
ufacturing; the  success  of  enormous  industrial  plants  is  dependent 
upon  them,  and  in  water  surveys  they  would  at  least  be  businesslike. 

It  was  these  considerations,  in  connection  with  the  knowledge  of 
I  he  vast  areas  covered  by  the  United  States,  which  led  the  United 
States  Geological  Survey,  through  its  hydro-economic  division,  to 
investigate  the  practicability  of  employing  field  methods  for  the 
determination  of  important  characteristics  of  water.  It  was  realized 
that  if  there  could  be  provided  a  few^  simple  tests,  the  apparatus  for 
which  could  be  taken  into  the  field  and  used  on  the  spot,  large  areas 
might  be  covered  in  a  short  time,  and  if  it  were  necessary  for  any 
reascm  to  make  periodical  determinations  the  cost  of  the  work  would 
still  be  small  and  the  total  would  not  run  up  into  the  large  sums 
which  have  been  spent  in  such  investigations.  In  general,  the  testi- 
mony of  a  large  number  of  approximate  results  is  far  more  repre- 
sentative of  actual  conditions  than  that  of  one  or  two  refined  analyses. 

The  idea  of  testing  waters  in  the  field  is  by  no  means  new.  Very 
successful  field  tests  have  Ix^en  carried  on  by  numerous  authorities. 
Probably  one  of  the  most  successful  systems  now  in  use  is  that  of  the 
Bureau  of  Soils,  Department  of  Agriculture.  Another  excellent  field 
outfit  for  sanitary  analysis  has  been  devised  and  used  with  satisfaction 
by  Mrs.  Ellen  H.  Richards.  Several  others  are  noteworthy.  They  all 
involve  the  use  of  considerable  apparatus  and  the  carrying  of  stand- 
ard solutions.  Specially  equipped  wagons  are  necessary  in  some 
cases.  In  others  the  variety  of  determinations  is  limited  or  the 
equipment  can  not  be  used  in  an  extensive  circuit  without  renewal  of 
reagents.  The  difficulty  of  carrying  solutions  and  complex  apparatus 
into  the  field  is  obvious.  The  ideal  equipment  is  one  which  can  be 
carried  on  journeys  afoot  or  on  horseback  without  much  fatigue. 
The  sources  of  useful  or  desirable  water  supply  are  not  distributed 
wuth  reference  to  the  railroad  or  wagon  routes  and  the  field  man  must 
often  climb  mountains  or  trace  obscure  trails  to  accomplish  his  pur- 
pose. The  outfit  should  contain  a  sufficient  supply  of  reagents  to 
serve  for  a  large  number  of  determinations  without  renewal.  The 
processes  should  be  rapid  and  the  results  fairly  accurate  and  compre- 
hensive. Finally,  the  equipment  should  be  provided  with  material 
for  so  various  a  series  of  determinations  that  with  proper  discrim- 
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ination  the  essential  characteristics  of  a  water  may  be  shown,  whether 
the  purposes  be  domestic  or  industrial  water  supply,  irrigation,  or 
any  other  special  line  of  utilization.  Volumetric  methods  requiring 
the  use  of  burettes  are  objectionable ;  gravimetric  methods  are  impos- 
sible. Therefore,  in  the  Survey's  study  of  field  methods  the  whole 
matter  developed  into  a  question  of  choosing  the  most  useful  deter- 
minations and  so  modifying  (he  volumetric  methods  that  their  use 
would  be  practicable,  while  at  the  same  time  they  would  give  a  degree 
of  accuracy  sufficiently  close  for  all  practical  purposes. 

To  the  methods  hereinafter  proposed  the  term  "  assay  "  readily 
lends  itself.  There  is  no  attempt  at  water  analysis.  The  plan  contem- 
plates the  determination  of  ingredients  which  give  to  water  certain 
well-known  characteristics.  The  methods  and  the  suggestions  with 
reference  to  their  application  are  only  tentative  and  will  be  modified 
as  experience  may  dictate.  As  they  stand  they  are  the  result  of 
extended  experimentation,  and  the  tests  to  which  they  have  been  put 
show  that  they  are  practicable.  They  have  been  found  to  be  more 
nearly  accurate  than  was  at  first  anticipated,  though  this  fact,  it  is 
believed,  has  not  greatly  increased  their  usefulness  for  the  purposes 
in  view.  By  their  use,  combined  with  a  fair  amount  of  common 
sense,  the  essential  characteristics  of  waters  can  be  ascertained  at 
small  expense.  In  almost  every  situation  in  which  such  determina- 
tions are  significant  they  will  afford  sufficiently  satisfactory  data. 
In  the  case  of  finely  balanced  considerations  of  a  purely  physical, 
chemical,  or  geologic  nature,  however,  they  are  practically  useless. 
They  are  intended  for  practical  purposes  and  have  no  place  in  pure 
science. 

FIEI^D  DETERMIIS^ATIONS. 

The  following  determinations  are  described  on  subsequent  pages : 

1.  Turbidity. 

2.  C!olor. 

3.  Iron. 

4.  Chlorine  or  total  chlorides. 

5.  Total  hardness. 

6.  Alkalinity. 

7.  Normal  carbonates. 

8.  Bicarbonates. 

9.  Total  sulphates. 
10.  Calcium. 

It  should  be  stated  at  the  outset  that  the  successful  operation  of 
these  methods  depends,  as  in  all  chemical  procedure,  upon  the  manner 
in  which  they  are  applied.  A  failure  to  insist  upon  strict  compli- 
ance with  the  rules  laid  down  may  result  in  total  failure, 
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SUSPENDED  MATTER. 

The  turbidity  of  water  is  that  property  which  is  imparted  to  it  by 
substance  carried  in  suspension.  In  many  parts  of  the  United  States 
waters  are  often  extremely  muddy,  and  when  this  condition  is  main- 
tained during  long  periods  it  becomes  one  of  the  most  serious  diffi- 
culties^ with  which  the  water-supply  engineer  has  to  deal.  Turbid 
water  is  objectionable  for  domestic  use.  In  industrial  operations, 
especially  in  those  in  which  water  enters  into  manufacturing  pro- 
cesses, turbidity  is  a  factor  which,  if  not  removed,  may  exert  a  harm- 
ful influence  upon  the  manufactured  products.  It  is  also  important 
in  connection  with  irrigation  works.  One  of  the  serious  troubles  in 
Western  reservoirs  is  loss  of  storage  capacity  due  to  silt  deposits.  In 
the  construction  of  irrigation  canals  the  amount  of  turbidity  usually 
carried  by  the  water  often  determines  the  grade  of  the  canal.  Such 
canals  nuist  have  grade  sufficient  to  cause  the  flowing  water  to  carry 
along  suspended  matter  and  not  allow^  it  to  settle.  If  this  is  not  taken 
into  consideration,  the  maintenance  of  the  irrigation  system  becomes  . 
extremely  ex])ensive,  and  cases  have  occurred  where  the  canals  have 
been  practically  filled  by  the  deposits  of  suspended  matter. 

The  suspended  substances  causing  turbidity  are  of  various  char- 
acters. They  are  found  often  in  a  flocculent  condition,  settling 
readily  when  the  water  which  carries  them  becomes  quiescent.  On 
the  other  hand,  the  turbid  matter  is  often  made  up  of  minute  par- 
ticles of  clay,  so  fine  that  they  pass  through  certain  filtering  media. 
In  some  cases  the  ])roblem  of  removing  turbidity  from  the  water  is 
so  difficult  that  the  i)rocess  which  may  be  successful  is  so  radical  that 
it  will  remove  also  dissolved  organic  material  and  even  a  large  num- 
ber of  the  bacteria. 

METHODS   OK   DETERMINATION. 

There  are  several  methods  of  estimating  the  proportion  of  sus- 
pended nuitter  in  a  wat(M',  all  but  one  of  which  have  their  particular 
fiehls  of  usefulness.  The  first  is  merely  a  statement  of  the  observ^er  s 
opinion  of  the  degree  of  turbidity,  such  as  "  very  slight,"  "  slight," 
''  distinct,''  or  "'  decided."  Although  this  method  of  estimation  has 
no  real  value,  it  is  used  by  many  water  chemists. 

The  second  method  is  also  based  upon  the  appearance  of  the  water, 
but  differs  from  the  first  in  that  a  definite  and  fairly  well-fixed  basis 
of  comparison  is  provided.  A  water  containing  no  suspended  matter 
is  practically  transi)arent,  but  matter  in  suspension  intercepts  the 
rays  of  transmitted  light.  An  observer  can  see  objects  distinctly 
through  a  body  of  clear  water,  but  as  the  water  becomes  more  and 
mor^  muddy  the  objects  can  be  seen  less  and  less  distinctly  until 
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they  are  quite  lost  to  view.  Now,  it  has  been  found  by  experiment 
that  there  is  a  fairly  definite  relation  between  the  proportion 
of  light  rays  intercepted  and  the  amount  of  matter  in  suspension. 
This  relation  varies  somewhat  with  the  character  of  the  sus- 
pended matter  and  with  the  size  of  the  particles,  but  for  the  purpose 
to  which  this  method  of  measurement  is  applicable  the  variations  do 
not  often  seriously  affect  the  interpretations  placed  upon  the  results. 
The  details  of  the  method  will  be  explained  on  later  pages  under  the 
caption  •■'  Turbidity."  For  the  present  it  will  be  sufficient  to  state 
that  it  has  found  its  greatest  usefulness  in  connection  with  the 
adaptation  and  operation  of  water-filtration  plants  and  sewage- 
disposal  works. 

The  third  method  of  measuring  the  amount  of  suspended  matter 
in  water  consists  in  separating  it  from  a  weighed  portion  of  the  fluid 
by  filtration,  weighing  the  filtered  water,  and  stating  the  difference 
between  the  two  weights  as  suspended  matter.  The  form  of  state- 
ment commonly  used  is  parts  of  suspended  matter  per  million  of 
water,  milligrams  per  liter,  or  some  other  comprehensive  proportion. 
This  is  undoubtedly  the  best  method  of  determination,  as  it  is  rela- 
tively accurate  and  can  be  used  in  the  study  of  all  water  problems. 
Its  practical  disadvantage  is  that  the  determination  requires  a  large 
amount  of  time  and  can  not  be  economically  performed  in  serial 
investigations  without  considerable  equipment  and  tedious  labor. 
It  is  also  true  that  the  processes  for  which  a  knowledge  of  suspended 
matter  is  necassary  will  generally  in  practical  work  Im  as  well  served 
by  an  approximate  determination  as  by  a  precise  one;  therefore  the 
cruder  methods,  based  upon  photometry,  are  more  often  used. 

There  is,  however,  no  necessarily  constant  relation  between  the 
weight  of  suspended  matter  in  a  given  volume  of  water  and  the 
turbidity  produced.  A  certain  weight  of  suspended  substance  of 
one  kind  does  not  usually  produce  the  same  degree  of  turbidity  as 
n  similar  weight  of  another  substance.  In  other  words,  the  turbid- 
ity determination  takes  no  account  of  the  character,  weight,  or  volume 
of  the  suspended  matter.  This  has  been  clearly  demonstrated  by 
Mr.  Robert  Spurr  Weston  in  the  report  on  Water-Purification 
Investigation  and  on  Plans  Proposed  for  Sewerage  and  Waterworks 
Systems  made  to  the  sewerage  and  water  board  of  New  Orleans, 
La.,  pages  27  and  28.  To  overcome  the  errors  above  cited,  Mr.  Weston 
has  proposed  the  use  of  a  "  turbidity  coefficient,"  as  follows: 

All  optical  methods  for  the  determination  of  turbidity  are  naturaUy  oompared 
with  the  gravimetric  determination  of  the  suspended  matter  which  produces 
the  turbidity.  Equal  weights  of  suspended  matter  do  liot  necessarily  produce 
the  same  turbidity.  For  example,  waters  which  contain  suspended  silt  or  sand 
exhibit  less  turbidity  per  unit  of  suspended  matter  by  weight  than  do  waters 
containing  finely  divided  clay.    Therefore  the  ratio  betw^een  silica  turbidity, 
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determined  optically,  and  susi)ended  matter,  determined  gravimetrically,  is 
most  Important,  as  it  is  an  index  of  the  character  of  the  susjiended  matter  pro- 
ducing the  turbidity.  To  express  this  relation  most  conveniently,  the  term 
"  turbidity  coefficient "  has  been  adopted. 

Tnrbidity  coefficient  equals  Suspended  matter. 

Silica  turbidity. 

Naturally  this  coefficient  varies  with  difTerent  waters,  generally  increasing 

with   the   size  of  the   i>articles   composing   the   suspended   matter.    Thus   the 

8ami)les  of  unsettled  river  water  have  the  highest  turbidity  coefficient,  while 

samples  from  the  effluents  of  the  three-day  subsiding  basins  have  the  lowest,  as 

the  following  table  will  show : 

Table  of  average  turbidity  coefficients. 

Turbidity 

coefficient. 

Mississippi  River  water 1.  GS 

Mississippi  River  water,  after  <J  hours'  subsidence .  TiO 

Mississippi  River  water,  after  12  hours'  subsidence .ST 

Mississippi  River  water,  after  18  hours'  subsidence ,HC> 

Mississippi  River  water,  after  24  hours'  subsideiK*e .H^y 

Mississippi  River  water,  after  48  houi^s'  subsidence .80 

Mississippi  River  water,  after  24  hours'  subsidence  and  c^oagulation .  «30 

This  table  is  very  easy  to  understand,  since  the  coarser  particles  of  low 
turbidity-producing  power  and  somewhat  higher  si)ecific  gravity  gradually  sep- 
arate out  according  to  their  hydraulic  values,  the  finer  particles  of  high  tur- 
bidity-producing i)ower  and  somewhat  lower  specific  gravity  remaining  longest 
in  susi)ension. 

The  idea  of  Mr.  Weston  above  set  forth  is  an  admirable  one  and 
should  be  utilized  in  connection  with  all  water  investigations. 

The  fourth  method  of  determining  suspended  matter  consists  in 
measuring  the  cubical  contents  thereof  after  sedimentation.  This 
method  takes  no  account  of  the  weight  of  the  substance  nor  of  the 
turbidity  produced  by  it,  and  its  particular  value  is  confined  to  those 
highly  turbid  watei*s  which  it  is  proposed  to  conserve  in  storage 
reservoirs  or  to  conduct  in  canals.  In  the  preparation  of  reservoirs 
for  irrigation  and  domestic  uses  in  the  arid  and  semiarid  regions,  one 
of  the  most  troublesome  features  is  the  loss  of  storage  capacity  in  the 
reservoir  by  reason  of  its  filling  up  with  matter  deposited  from  sus- 
pension, and  indeed  it  is  necessary  in  the  construction  of  these  reser- 
voirs to  provide  means  whereby  the  silt  can  be  removed  at  proper 
intervals.  The  problem  is,  therefore,  one  of  cubical  contents  and  the 
observations  are  usually  made  by  filling  a  100  c.  c.  graduate  with  the 
turbid  water,  allowing  the  suspended  matter  to  settle,  and  reading 
the  depth  of  the  sediment  and  expressing  it  in  percentage  terms. 

The  results  of  such  observations  do  not  bear  any  more  constant  rela- 
tion to  the  turbidity  produced  by  the  suspended  matter  than  do  the 
determinations  of  actual  weight.  An  interesting  series  of  observa- 
tions upon  this  point  has  recently  been  compiled  by  the  Geological 
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Survey,  the  water  being  taken  from  Gila  River  at  San  Carlos,  Ariz. 
This  river  is  probably  the  muddiest  in  the  United  States,  and  the 
observations  represent  extreme  conditions.  Turbidity  measurements 
consume  so  small  an  amount  of  time  in  comparison  with  that  necessary 
in  the  observation  of  per  cent  volume  of  total  solids  that  an  endeavor 
was  made  to  determine  whether  or  not  turbidity  measurements  pos- 
sess any  constant  relation  to  amount  of  matter.  If  such  were  found 
to  be  the  case  the  work  necessary  in  preparing  plans  for  storage  reser- 
voirs would  be  considerably  shortened. 

Parallel  determinations  were  therefore  made  of  turbidity  and  per 
cent  volume  of  sediment  upon  daily  samples  taken  from  Gila  River 
from  July  21  to  October  24,  1904,  the  results  of  which  are  set  forth  in 
the  following  table.  It  will  be  noted  in  this  table  that  the  conversion 
factor,  which  should  be  constant  if  the  hypothesis  were  correct,  varies 
90  widely  as  to  indicate  unmistakably  the  entire  absence  of  any  con- 
i-t^nt  relation  between  the  two  sets  of  observations : 


Parallel  observations  of  per  cent  volume  of  sediment  and  of  turbidity,  in  terms 
of  parts  per  million,  of  silica  in  water  from  Gila  Rirer  at  San  Carlos,  Ariz. 


Date. 

Per  cent 
sediment 
volume. 



12 

Turbidity 
(silica  parts 
per  million). 

27,300 

Conversion 
factor. 

Date. 

Per  cent 
sediment 
volume. 

15 

Turbidity 
(silica  parts 
per  million). 

63,936 

Conversion 
factor. 

July  21.. 

2,280 

Aug.  12.. 

4,260 

22.. 

16.5 

37.800 

2,290  1 

13.. 

10 

57,600 

5,760 

23.. 

1ft 

43,200 

2,280 

14.. 

11 

33,550 

3,050 

24.. 

18.5 

43,200 

2,340 

15.. 

17 

48,000 

2,820 

25.. 

21 

44,784 

2,140 

16.. 

18.5 

54,000 

2,920 

26-. 

18 

41,568 

2,310 

17.. 

15 

42,000 

2,800 

27.. 

16 

40,572 

2,540 

18.. 

13 

39,000 

3,000 

28.. 

9 

40,800 

4,530 

19.. 

9 

33,000 

3,670 

29.- 

21 

53,000 

2,520 

20.. 

12 

39,000 

3,250 

30.. 

19 

64,000 

3,370 

21.. 

15.5 

36,000 

2,320 

31.. 

12 

64,000 

5,330 

22-. 

13 

36,000 

2,770 

Aug.  l._ 

13 

53,312 

4,110 

23., 

10 

27,000 

2,700 

2.. 

22 

73,536 

3,340 

24.. 

13 

39,000 

3,000 

3-. 

20 

67,200 

3,350 

25-. 

8 

30,000 

3, 750 

4.. 

19 

70,368 

3,680 

26.- 

9 

30,000 

3,340 

5. 

15 

63,936 

4,260 

27-- 

8 

27,000 

3,380 

6-. 

15 

62,400 

4,160 

28.. 

8 

24,000 

3,000 

7.- 

14 

62.400 

4,460 

29.. 

8 

27,000 

3,380 

8.. 

15 

67,200 

4,480 

30-. 

8 

27, 000 

3,380 

9.- 

14 

63,936 

4,560 

31.. 

8 

21,000 

2,630 

10.. 

14 

60,768 

4,340 

Sept.  1.. 

8.5 

28,500 

3,360 

11.. 

18 

62,400 

4,800 

2.. 

8.5 

30,000 

3,520 
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Parnllcl  obsr^rvations  of  per  cctit  rtthiwr  of  srditnent  and  of  lurbidity,  in  tcrtns 
of  parts  per  miUloth  of  hU'wu  in  water  from  Gila  i?frrr,  etc. — Continued. 


Date. 

Per  cent 
sediment 
volume. 

9 

Turbidity 
(silit'u  i>arts 
per  million). 

33,960 

Conversion 
factor. 

h&te. 

Per  cent 
.sediment 
volume. 

0.5 

Turbidity 
(silica  parts 
per  million). 

650 

Conversion 
factor. 

Sept.   3.. 

3,770 

,  Sept.  29. . 

1,300 

4.. 

8 

36,000 

4,500 

30.. 

.5 

600 

1,200 

5-- 

13 

40,980 

3,150 

Oct.     1-- 

Trace. 

650 

6.. 

15 

42,000 

2,800 

2.. 

2.5 

350 

7-- 

11 

40,980 

3,730 

3.- 

Trace. 

650 

8.. 

10 

31,500 

3, 150 

4.. 

Trace. 

280 

9.. 

6.5 

25,200 

3,880 

5.. 

Trac«. 

220 

10.. 

3.5 

9,200 

2,630 

6.- 

Trace. 

6,400 

11   - 

1.5 

4,200 

* 
2,800 

7.. 

2 

42,000 

12.. 

1.5 

3,150 

2.090 

8.. 

10 

42,000 

4,200 

13.. 

5 

14,000 

2,800 

9-- 

13 

39,000 

3,000 

14.. 

7.5 

20,000 

2,670 

10-- 

12 

36,000 

3,000 

15.. 

4 

13,000 

3,250 

11.. 

13 

27,000 

2,080 

16-. 

6 

16,000 

2,670 

12. 

9 

18,000 

2,000 

17-. 

6 

16,000 

2,670 

13-- 

5.5 

12,000 

2,180 

18.. 

5 

13,000 

2,600 

14.. 

8.5 

8,000 

2,280 

19.. 

5 

11,320 

2,260 

15.. 

2.5 

4,400 

1,760 

20.. 

4 

12,000 

3,000 

16.. 

2 

3,800 

1,900 

21.. 

2 

6,300 

3,000 

17.. 

1 

3,750 

3,750 

22.. 

1 

5,500 

5,500 

,            18-. 

7 

26,000 

3,720 

23.. 

8.5 

8,000 

2,280 

19- 

2 

6,000 

3,000 

24.. 

14 

30,000 

2,140 

20-- 

1.5 

3,000 

2.000 

25.- 

17 

30,000 

1,760 

21.- 

.5 

1,000 

2,000 

26.. 

3 

7,000 

2,330 

22.. 

.3 

900 

3,000 

27.. 

2 

8,000 

4,000 

23.. 

.5 

800 

1,600 

28.. 

1 

1,000 

1,000 

24- . 

i 

.5 

766 

1,530 

TFRB] 

[DITY. 

As  all  the  usual  methods  for  the  determination  of  turbidity  are 
fairly  familiar,  having  been  repeatedly  described  in  numerous  scien- 
tific journals,  no  further  statements  are  necessary  here.  It  is  custom- 
ary at  the  present  time  to  adopt  as  a  basis  for  the  scale  of  each  an 
absolute  turbidity  produced  by  a  definite  amount  of  finely  divided 
silica  in  a  certain  volume  of  water.  The  scale  has  been  described 
by  its  originators,  Messrs.  George  C.  WTiipple  and  Daniel  D.  Jackson, 
in  Technology  Quarterly,  Vol.  XII,  No.  4,  December,  1899,  pages 
283-287. 
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UNITED  STATES  iSEDLOtiU  AL  SUBVEY  TIKBIDITY  B4»D. 

DESCBIPTION. 

This  rod,  devised  by  Messrs.  Allen  Ilazeii  and  Oeor^e  C.  Wliipple, 
is  a  modification  of  the  original  Ilazen  rod,  and  is  described  in  the 
following  extract  from  circular  Xo.  9  of  the  division  of  hydro^aphy, 
United  States  Geological  Survey : 

Proposed  turbidity  standard. — The  standard  of  turbidity  shall  be  a  water 
which  contains  100  parts  of  silica  \wv  million  in  su<-h  a  state  of  fineness  that  a 
bright  platinum  wire  1  millimeter  in  diameter  ciui  just  be  seen  when  tlie  center 
of  the  wire  is  100  millimeters  below  the  surface  of  tlie  water  and  the  eye  of  the 
observer  is  1.2  meters  above  the  wire,  the  observation  beinj;  made  in  the  middle 
of  the  day,  in  the  open  air,  but  not  in  sunlight,  and  in  a  vessel  so  large  that  the 
sides  do  not  shut  out  the  light  so  as  to  influence  the  results.  The  turbidity  of 
such  water  shall  be  100. 

The  turbidity  of  waters  more  turbid  than  the  standard  slmll  be  computed  as 
follows:  The  ratio  of  the  turbidity  of  the  water  to  100  shall  be  as  the  extended 
volume  is  to  the  original  volume  when  the  water  is  diluted  with  a  clear  water 
until  the  mixture  is  of  standard  turbidity. 

The  turbidities  of  waters  lower  than  the  standard  sliould  be  comi)uted  as  fol- 
lows: The  ratio  of  the  turbidity  of  the  water  to  1(K)  shall  be  as  the  ratio  of  the 
original  volume  of  water  of  standard  turbidity  is  to  the  extendtnl  volume  when 
such  water  is  diluted  with  clear  water  until  its  turbidity  is  equal  to  that  of  the 
water  under  examination. 

This  standard  can  be  used  in  lK)th  field  and  laboratory.  In  the  field  the  wire 
method  will  be  employed  as  at  present,  excei)t  for  a  new  graduation,  while  in  the 
laboratory'  the  methotls  of  dilution  and  comparison  now  in  use  for  the  silica 
standard  will  be  emi)Ioyed. 

Method  of  application  to  the  plat inum-ir ire  process. — A  rod  with  a  platinum 
wire  inserted  in  it  at  a  fixeii  i)oint  and  projecting  from  it  at  a  right  angle  will 
be  used,  as  at  present.  The  graduation  shall  be  as  follows :  The  graduation 
marli  of  100  shall  be  placed  on  tlie  head  of  the  rod  at  a  distance  of  1(K)  milli- 
meters from  the  center  of  the  wire.  Other  graduations  will  l)e  made,  base<l  on 
the  best  obtainable  data,  in  such  a  way  that  when  a  water  is  dilute<l  the  read- 
ings will  decrease  in  the  same  proiM)rtlon  as  the  i>ercentage  of  the  original  water 
in  the  mixture.  Such  a  rod,  having  the  graduation  shown  in  the  table  below, 
shall  be  known  as  the  United  States  Geological  Survey  turbidity  rod  of  1902. 
When  this  rod  is  immerse<l  in  water,  the  visibility  of  the  projecting  platinum 
wire  at  the  depth  from  the  surface  shown  in  the  second  column  will  determine 
the  degree  of  turbidity,  as  indicated  in  the  first  column. 
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Graduation  of  turbidity  rod  of  1902. 


[NO.  151. 


Turbidity. 

Depth  of 
wire. 

Corre- 
sponding 
value  on 
reciprocal 

8cale. 

1 
Turbidity. 

Depth  of 
wire. 

Corre- 
sponding 
value  on 
reciprocal 

Bcale. 

mm. 

mm. 

7 

1,095 

0.023 

70 

138 

0.184 

8 

971 

.026 

75 

180 

.196 

9 

873 

.029 

1            80 

122 

.208 

10 

794 

.032 

85 

116 

.219 

11 

729 

.085 

90 

110 

.230 

12 

674 

.038 

95 

105 

.242 

13 

627 

.041 

100 

100 

.254 

14 

587 

.043 

110 

93 

.278 

15 

551 

.046 

120 

86 

.295 

16 

520 

.049 

130 

81 

.314 

17 

493 

.052 

140 

76 

.334 

18 

468 

.054 

150 

72 

.35 

19 

446 

.057 

160 

68.7 

.37 

20 

426 

.060 

180 

62.4 

.41 

22 

891 

.065 

200 

57.4 

.44 

24 

361 

.070 

250 

49.1 

.52 

26 

336 

.076 

800 

43.2 

.59 

28 

314 

.081 

850 

38.8 

.65 

80 

296 

.086 

400 

35.4 

.72 

35 

257 

.099 

500 

80.9 

.82 

40 

228 

.111 

600 

27.7 

.92 

45 

205 

.124 

800 

28.4 

1.09 

50 

187 

.136 

1,000 

20.9 

1.21 

55 

171 

.148 

1,500 

17.1 

1.49 

60 

158 

.160 

2,000 

14.8 

1.72 

65 

147 

.172 

1 

8,000 

12.1 

2.10 

This  table  is  compiled  from  observations  made  at  Cincinnati,  St  Louis.  New 
Orleans.  Pittsburg,  Broolclyn,  Philadelphia,  and  Boston,  for  records  of  which 
we  are  indebted  to  several  observers.  The  values  of  the  turbidities  by  the  recip- 
rocal scale  are  included  in  the  table  for  convenience,  but  they  do  not  form  a  part 
of  the  standard. 

This  graduation  Is  subject  to  revision  whenever  additional  data  shall  make 
it  necessary  and  revised  rods  shall  be  designated  by  the  same  name,  but  with 
the  year  of  revision  substituted  for  1902.  The  revisions  shall  have  as  their 
basis  the  100  mark,  100  millimeters  from  the  wire. 

Near  the  end  of  the  rod,  at  a  distance  of  1.2  meters  from  the  platinum  wire, 
a  wire  ring  shall  be  placed  directly  above  the  wire,  through  which  the  observer 
will  look,  the  object  of  the  ring  being  to  control  the  distance  from  the  wire  to 
the  eye. 
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When  the  turbidity  is  greater  than  5()0  the  water  should  t>e  diluted  before  the 
obsenation  is  made.  When  tlie  turbidity  is  below  7  this  method  can  not  be 
used,  and  comparison  should  be  made  with  the  silica  standard  proi)erly  diluted 
in  bottles  or  tubes,  as  descril)ed  by  Whipple  and  Jackson  in  Technology  Quar- 
terly, Vol.  XII,  No.  4,  Deceml)er,  1809. 

The  number  obtained  by  dividing  the  weight  of  suspended  matter  in  parts  per 
million  by  the  turbidity  as  obtained  al>ove  shall  l)e  called  the  coefficient  of  fine- 
ness. If  greater  than  unity  it  indicates  that  the  matter  in  susi)ensi(m  in  the 
water  is  coarser  than  the  standard ;  if  less  than  unity,  that  it  is  finer  than  the 
standard. 

This  standard  is  proposed  with  the  idea  of  combining  the  best  features  of  the 
platinum-wire  and  silica  methods  of  measuring  turbidities  as  commonly  used, 
and  of  avoiding,  as  far  as  |)ossible,  the  objections  to  each. 

OBJECTIONS  TO  BOD   METHOD. 

The  method  of  turbidity  determination  above  outlined  answers 
all  purposes  demanded  in  ordinary  use.  In  field  determinations  it 
has  many  objections  which  are  not  easily  overcome.  It  was  readily 
observed  in  practice  that  the  method  is  largely  a  test  of  the  individual 
and  that  the  point  at  which  the  wire  disappears  from  view  varies 
according  to  the  eyesight  of  the  observer.  Under  ordinary  condi- 
tions this  variation  is  not  sufficient  to  influence  the  interpretations 
placed  upon  the  results,  but  there  are  some  conditions  under  which 
the  variation  would  be  large  enough  to  cause  considerable  error. 

Again,  the  method  was  found  to  be  inaccurate  and  unsafe  in  deter- 
mining turbidity  above  100.  It  is  also  difficult  to  select  the  conditions 
prescribed  in  the  directions  above  set  forth.  A  person  in  the  field 
is  governed  absolutely  by  the  conditions  which  he  meets,  and  it  is 
exceptional  when  he  is  able  to  be  at  a  desired  point  at  a  given  time. 
Therefore  the  observation,  which  must  be  made  "  in  the  middle  of  the 
day,  in  the  open  air,  but  not  in  sunlight,  and  in  a  vessel  so  large  that 
the  sides  do  not  shut  out  the  light,''  is  in  most  easels  an  undertaking 
of  extreme  difficulty.  Another  observation  is  more  important ;  it  is 
necessary  for  the  field  man  to  take  observations  in  the  running  stream. 
Obviously  it  would  be  impracticable  to  carry  about  a  container  large 
enough  to  meet  these  prescril>ed  conditions,  and  in  the  majority  of 
cases  a  turbidity  reading  must  be  taken  at  long  distances  from  points 
at  which  such  containers  can  l)e  borrowed.  It  is  well  known  that 
in  many  cases  the  suspended  matter  in  running  streams  occurs  in 
clouds.  In  a  certain  section  of  the  stream  the  turbidity  at  one 
moment  may  be  high  and  at  the  next  moment  much  reduced,  or  vice 
versa.  Often  the  observer,  after  fixing  the  point  at  which  the  plati- 
num wire  disappears,  finds  that  l^efore  he  is  able  to  read  the  scale 
the  wire  Ls  either  plainly  in  sight  or  has  become  submerged  below  the 
point  of  correct  turbidity  reading. 
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All  these  objections  make  the  use  of  the  turbidity  rod  undesirable 
in  general  field  work.  WTiile  its  value  at  selected  stations  is  acknowl- 
edged, it  has  been  found  to  be  impracticable  under  less  favorable  cir- 
cumstances ;  consequently  a  new  methotl  was  .sought. 

JAtKSON'H  TUUBIDIMETEU. 

nF:scRn»TioN. 
The  needs  of  the  Survey  were  found  to  be  met  in  a  satisfactory 
manner  by  the  use  of  a  turbidimeter  devised  by  Mr.  Daniel  D.  Jack- 
son, chemist  in  charge  of  the  Moimt  Prospect  laboratory,  department 
of  water  supply,  gas,  and  electricity,  city  of  New  York.  The  follow- 
ing is  a  report  by  Mr.  Jackson  with  reference  to  this  instrument : 

The  8usi)ende<l  matter  or  turbidity  in  natural  waters  is  the  most  important 
physical  characteristic  In  many  sections  of  the  country.  In  sucli  sections  the 
selection  of  new  water  supplies,  as  well  as  the  improvement  of  existing  sui>- 
plles,  rests,  to  a  very  great  extent,  uiK)n  a  consideration  of  this  particular 
feature.  These  milky  or  muddy  waters  are  often  quite  variable  in  the  amount 
and  nature  of  their  susi>ended  matter,  and,  in  case  they  are  to  be  purlfie<l. 
require  considerable  study  to  determine  the  proper  treatment. 

When  the  maximum  and  the  average  turbidity  in  a  water  are  known,  questions 
may  be  solved  relating  to  the  nature,  size,  and  constriK'tion  of  settling  basins, 
filter  plants,  and  clear-water  reservoirs,  and,  finally,  in  determining  the  efli 
clency  of  the  removal  of  su8i)endetl  matter  in  such  filter  plants  we  must  know 
the  turbidit>'  of  the  water  before  and  after  filtration. 

The  hydrographic  branch  of  the  United  States  Geological  Sun'ey  is  par- 
ticularly interested  in  developing  accurate  and  rapid  methods  for  the  deter- 
mination of  turbidity,  both  for  data  relating  to  water  supplies  as  well  as 
relating  to  the  erosion  and  the  carrying  power  of  su8i)euded  matter  by  rivers 
and  streams.  It  Is  necessary  that  the  field  methods  should  be  comparable  with 
those  of  the  laboratory,  that  the  work  should  he  rapidly  accomplished,  and  that 
the  results  should  express,  as  nearly  as  iwsslble,  the  actual  w^elght  of  the 
suspended  matter  present. 

If  we  determine  the  total  solids  In  a  water  before  and  after  filtration  through 
a  Berkfeld  filter,  the  difference  In  the  results  obtained  will  give  the  weight  of 
the  suspended  matter  present,  but  this  method  Is  tedious  In  the  laboratory  and 
Impossible  In  the  field.  It  Is  evident  that  some  photometric  standard  of  com- 
parison nmst  l)e  used,  and  extensive  studies  have  shown  that  whatever  the 
Instrument  employed  for  this  puriiose  It  should  be  graduated  by  a  standard 
turbid  water.  The  standard  now  employed  is  known  as  the  *'  silica  standJU"d.'* 
and  Is  made  from  diatomaceous  earth.o 

This  standard  Is  preferable  to  all  others  that  have  been  useil  In  that  It  Is 
absolutely  Insoluble,  has  a  very  uniform  size  of  particle,  and,  unlike  clay,  does 
not  cake  together  on  standing.  The  diatomaceous  earth  (Infusorial  earth)  is 
found  in  natural  deix)slts  In  many  i)arts  of  the  country.  To  prepare  the 
standard  this  material  Is  first  washed  and  Ignited  to  free  It  from  organic  matter. 
It  Is  then  ground  to  an  Impalpable  powder  In  an  agate  mortar,  put  through  a  2(X)- 
mesh  sieve  to  break  up  the  lumps  produced  in  grinding,  treated  with  dilute 
hydrochloric  acid,  and  the  finest  i)ortlon  decanted.  This  fine  portion  Is  then 
dried  at  100°  C,  cooled  In  a  desiccator,  and  kept  In  a  tightly  stoppered  bottle. 

•Whipple,  (f.  C,  and  Jackson,  D.  I).,  Silica  standards  for  the  determination  of  the 
turbidity  In  water:  Techn.  Quart.,  vol.  12,  No.  4,  Dec,  1S99. 
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One  grani  of  this  material  is  weighed  out  and  put  hito  1  liter  of  distilled  water. 
The  mixture  represents  a  standard  of  1.0()()  parts  per  million  of  silica  turbidity, 
and  dilutions  may  be  made  from  this  for  comparison  with  natural  waters. 
Reading  made  with  this  standard  compare  ver>'  well  with  the  actual  weight 
of  the  susi>ended  matter  in  water,  but  it  has  been  found  that  the  standard  as 
prepareil  varies  slightly  when  made  by  different  analysts.  The  author  now  pro- 
jjoses  to  make  the  standard  absolute  by  making  readings  on  the  candle  turbidim- 
eter and  so  adjusting  the  mixture  that  the  standard  of  1,000  parts  per  million 
will  always  read  2.3  centimeters  on  the  instrument. 

THBJ    CANDLE    TUKBIDIMETEK. 

The  original  form  of  this  instrument  was  first  described  by  the  writer  in  the 
Journal  of  the  American  Chemical  Society,  November,  1001,  but  since  that  time 
it  has  been  considerably  Improved  upon.  The  accompanying  Illustration  gives 
a  good  Idea  of  the  present  form  of  the  Instrument  and  Its  use.  [See  PI.  I.]  The 
apparatus  consists  of  a  glass  tube,  closed  at  the  bottom  and  graduated  In  centi- 
meters and  millimeters  depth.  This  Is  surrounded  by  a  brass  holder.  oi)en  at  the 
bottom  and  supporteii  by  a  stand.  In  the  center  of  which  Is  a  standard  English 
candle,  so  adjusted  by  means  of  a  spring  below  that  Its  top  rim  Is  always  just 
.3  inches  below  the  bottom  of  the  glass  tube. 

The  water  to  be  determined  for  turbidity  Is  poured  Into  the  glass  tube  until  the 
•mage  of  the  lighted  candle  below  just  dlsapj)ears.a  The  depth  of  the  water  In  the 
tuk)e  is  then  read  (using  the  bottom  of  the  meniscus),  and  this  depth  Is  compared 
with  a  table  which  gives  the  turbidity  of  the  water  in  parts  per  million  of 
silk*a.  The  tul>e  itself  n)ay  be  graduated  in  turbidity  as  well  as  in  millimeters 
depth,  thus  dis[>enslng  with  the  use  of  the  table.  Between  5,000  and  100  parts 
per  million  of  silica  a  tul)e  25  centimeters  In  length  Is  nec»essary,  or  a  comparison 
with  silica  standards  In  tubes  or  bottles  may  be  substituted.  The  candle  Instru- 
ment is  very  convenient  In  the  laboratory,  and  as  Its  source  of  light  Is  the  stand- 
ard candle  It  Is  ready  for  use  at  all  times.  The  candle  must  always  be  properly 
trimmed,  and  the  detenninatlon  must  be  made  rapidly,  so  as  not  to  heat  the 
liquid  to  any  extent.  The  most  accurate  work  Is  obtained  In  a  dark  room,  and 
the  candle  should  be  so  placed  as  not  to  be  subje<'ted  to  a  draft  of  air.  The 
latter  ne<»esslty  renders  the  Instrument  absolutely  lmi)osslble  for  use  In  the 
field. 

Several  forms  of  field  apparatus  In  which  the  candle  was  employed  as  a 
source  of  light  were  attempted,  but  were  entirely  unsuccessful,  and  It  was  found 
necessary-  to  resort  to  the  electric  light  for  field  use. 

THE    ELECTRIC    TCRBIDI METER. 

This  Instrument  was  deslgneti  by  the  author  for  the  use  of  the  hydrographic 
branch  of  the  United  States  Geological  Survey,  and  Is  Intended  for  field  use 
only.  Its  construction  Is  so  regulated  as  to  be  exactly  comparable  with  the 
candle  turbidimeter,  and  the  measuring  tubes  for  each  have  l)een  made  inter- 
changeable. 

The  electric  turbidimeter  as  shown  in  fig.  1  consists  of  the  same  graduattnl 
glass  tube  as  described  for  the  candle  turbidimeter.  Inclosed  In  a  similar  manner 


•  It  has  been  found  In  actual  field  work  that  the  end  point  in  the  electric  turbidimeter, 
vir,  the  disappearance  of  the  cross  of  light,  Is  generally  sharper  and  less  subject  to  per- 
sonal errors  than  the  end  point  above  designated.  This  is  especially  true  when  the  two 
instruments  are  used  by  the  same  person,  i.  e.,  a  common  end  point  Is  more  satisfactory. 
The  Geological  Survey  has  therefore  placed  the  glass  plate  and  cross  disic  in  the  candle 
turbidimeter. 


Digitized  by  VjOOQIC 


28 


FIELD   ASSAY    OF   WATER. 


[NO.  15L 


by  a  brass  holder  (A)  open  at  the  bottom.  This  holder  is  attached  to  the  end  of 
a  brass  cylinder  (m)  containing  a  2.5- volt  dry  battery  (C)  and  a  2.5-volt  electric 
light  (d).  Above  the  electric-light  bulb,  at  a  distance  of  1  centimeter,  is  a  disk 
of  glass  (c)  which  is  ground  on  the  under  side.  Immediately  above  this  is  a 
brass  disk  (6)1  millimeter  thick,  through  the  center  of  which  a  cross  is  cut  (B). 
The  lines  In  this  (»ross  are  0.5  millimeter  wide.  From  the  top  of  the  brass  plate 
to  the  bottom  of  the  graduated  glass  tube  the  distance  is  just  1  centimeter. 

To  make  a  determination  with  the  electric  turbidimeter,  first  pour  the  turbid 
water  to  be  tested  back  and  forth  from  the  glass  tube  to  another  vessel  until 
It  Is  thoroughly  mixed,  and  then  turn  on  the  light  by  adjusting  the  screw  (/) 
at  the  l)ottom  of  the  instrument.  Phn»e  the  graduated  glass  tube  In  the  holder, 
which  has  been  screwed  into  place  above  the  light,  and  i>our  the  turbid  water 

Into  the  tube  until  the  cross  of  light  just 
dlsapi)ears.  If  the  tube  Is  not  graduated 
directly  in  parts  per  million  of  silica,  read 
the  depth  in  millimeters  of  the  water  in  the 
tube  and  refer  to  the  table  given  later.  In 
reading  use  the  bottom  of  the  meniscus  as 
the  reading  point.  In  the  lower  part  of  the 
tul)e  read  past  the  disappearance  of  the 
sharp  cross  of  light  to  the  dlsapi>earance  of 
the  hazy  cross  of  light.  In  this  way  the 
end  point  is  the  same  as  in  the  candle 
turbidimeter.  Higher  up  in  the  tube  there  Is 
only  the  sharp  cross  of  light  for  an  end  point. 
If  the  turbidity  is  above  100  parts  per 
-million  use  the  short  tube  (25  centimeters 
long).  If  the  turbidity  is  between  100  parts 
and  25  parts  per  million  the  long  tube  (75 
centimeters)  may  be  employed,  but  at  any 
I)oint  below  1(X)  the  glass  tube  and  the 
holder  may  be  removed  and  the  instrument 
lowered  directly  Into  the  turbid  water  by 
means  of  a  steel  millimeter  tape.  Any  de- 
gree of  turbidity  may  be  read  in  this  manner 
l)rovlded  the  water  is  sufficiently  deep. 

If  the  water  is  shallow  and  below  25 
turbidity,  close  estimations  may  be  made 
by  holding  a  bottle  of  the  water  toward  the 
light  and  comparing  it  with  the  remem- 
bered appearance  of  standards  of  5,  10,  15,  and  20  parts  per  million  In  bottles 
of  the  same  size. 

In  the  determination  of  turbidity  with  Jackson's  turbidimeter 
many  of  the  objections  to  the  use  of  the  United  States  Geological  Sur- 
vey turbidity  rod  are  avoided.  As  the  standard  illumination  is  a 
part  of  the  apparatus  itself  rather  than  the  sun,  none  of  the  limita- 
tions which  apply  to  the  use  of  the  rod,  such  as  time  of  day,  shade, 
etc.,  are  necessary  considerations.  The  instrument  may  be  used  at 
night  if  desired.  As  the  sample  to  be  tested  is  collected  froni  the 
body  of  water  under  observation,  inaccuracies  due  to  moving  water 
and  variations  in  turbidity  caused  thereby  are  avoided,  and  it  is  not 


Fig.  1.- 


-Jackson's  electric  turbidi- 
meter. 


Digitized  by  VjOOQIC 


LEIGHTON.] 


SUSPENDED   MATTEB. 


29 


necessary  to  consider  the  depth  of  water  in  the  river  or  lake  under 
observation.  In  the  use  of  the  rod  this  is  often  a  very  troublesome 
feature,  because,  in  case  of  low  turbidity,  there  may  not  be  water  of 
sufficient  depth  to  allow  the  rod  to  be  submerged  to  the  point  of  disap- 
pearance of  the  platinum  wire.  Another  advantage  is  that  the  end 
point  in  Jackson's  turbidimeter  is  approached  more  sharply  and  the 
use  of  the  instrument  is  not  practically  a  test  of  the  observer's  eye- 
sight, for  the  measurement  of  turbidity  depends  upon  the  obliteration 
of  a  beam  of  light,  and  not  upon  the  definition  of  a  certain  object. 

TESTS   OF   ELECTBIC   TURBIDIMETER. 

The  Jackson  electric  turbidimeter  is  made  up  of  several  parts 
which  it  was  necessary  to  test  in  order  to  determine  their  effect  upon 
the  accuracy  of  the  instrument.  These  tests,  made  by  Mr.  R.  B. 
Dole,  assistant  engineer.  United  States  Geological  Survey,  under  the 
direction  of  Mr.  Daniel  D.  Jackson,  are  classified  as  follows : 

1.  Tests  of  the  battery  for  current,  electromotive  force,  and  dura- 
bility. 

2.  Tests  of  the  electric  bulb  for  intensity  of  light. 

3.  Test  of  the  ground-glass  plate  for  opacity. 

4.  Calibration  of  the  tube  with  silica  standard. 

5.  Determination  of  the  probable  error. 

6.  Calibration  of  the  tube  with  a  sulphate  standard.  This  will  be 
treated  under  the  heading  "  Sulphates,''  on  page  69. 

Battery  test. — The  "  Reliable  "  2-cell  battery,  6  inches  long,  was 
selected  and  tested,  first  for  constant  current  and  then  for  recupera- 
tion, by  running  it  for  one  minute,  alternating  with  a  rest  of  five 
minutes.  These  tests,  applied  to  three  cartridges  selected  at  random, 
resulted  as  follows : 

Results  of  tests  of  6-inch  2-cell  ''Reliable  "  battery. 
BATTERY  NO.  1. 


At  end  of— 

Current.    1 

Ampere.     1 
0.250  1 
.245 
.243  1 
.242 
.240  1 
.240  ' 
.238  1 
.286  ' 
.235  1 
.235 

.235 

1 

1 

LoS8. 

Ampere. 

E.  M.  F. 

Light. 

0  minute 

Volts. 
2.66 

Bright. 

1  "miTiTite ... 

0.005 
.002 
.001 
.002 
.000 
.002 
.002 
.001 
.000 
.000 

2  minntes 

3  minntes 

4  TTilntitftR 



5  minnt^ -. 

6  minntes 

7  minntes 

ft  minntAfl                       .  _           .  .    

2.50 

9  minntes 

10  minnt^ 

Bright. 

.015 
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Results  of  tests  of  G-inch  2-cell  **Re1iahl€  "  battery — Continued. 
BATTKRY   NO.    1    AFTER    A    RP^ST   OF   90   MlNl'TES. 


At  end  of— 

Current. 

Ampere. 
0.250 
.245 
.243 
.241 
.239 
.237 
.236 
.235 
.235 
.234 
.234 

Loss. 
Ampere. 

E.  M.  F. 

Light. 

0  mintitc 

Volts. 
2.66 

Bright. 

1  minnte 

0.005 
.002 
.002 
.002 
.002 
.001 
.001 
.000 
.001 
.000 

2  minntes 

R  minntAfl 

4-  minnt^^H 

5  minntes 

6  minutes 

7  minutes 

ft  minnt^8 

9  minutes 

2.50 

10  minutes 

Bright. 

.016 

BATTERY   NO.   2. 


0  minute . . . 

1  minute .  - . 

2  minutes. . 

3  minutes- . 

4  minutes. . 

5  minutes. 

6  minutes - 

7  minutes. . 

8  minutes. 

9  minutes. . 
10  minutes- . 


9,r?, 

! 

268 

0.004 

265 

.003 

263 

.002 

261 

.002 

258 

.003 

255 

.003 

253 

.002 

251 

.002 

250 

.001 

249 

.001 

.023 

2.80  I  Bright. 


2.63  I  Bright. 


BATTERY   NO.    2   AFTER   A   REST   OF   90   MINITES. 


0  minute          . .  .   

0.263 
.  258 
.253 
.252 
.250 
.248 
.246 
.245 
.244 
.243 
.243 

0.005 
.005 
.001 
.002 
.002 
.002 
.001 
.001 
.001 
.000 

2. 70     Briffht. 

1  minute 

2  minutes 

3  minutes                        

4  TninntftR                _  _    _    .    _  _    _    _ 



5  minutes 

6  minutes                                  . . 



7  minutes                            

8  minutes 

9  minutes 

10  minutes — 

2.52 

Bright. 

.020 
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0  minTite... 

1  minnte... 

2  minntes . 

3  minntes . . 

4  minntes .  - 

5  minntes . . 

6  minutes . . 

7  minutes . . 

8  minutes . . 

9  minutes . . 

10  minutes- 


At  end  of— 

Current. 

Ampere. 
0.273 
.270 
.265 
.262 
.260 
.258 
.255 
.253 
.252 
.251 
.250 

Loss. 

E.  M.  F. 

Light. 

0  TTliunt^ 

Ampere. 

0.003 
.005 
.003 
.002 
.002 
.003 
.002 
.001 
.001 
.001 

Volt9. 
2.82 

Bright. 

1  minntft 

2  minntes                _    _                _ 

3  minutes 

4  minnt,ea   - . .  -     _   _     _  _ 

5  minutes 

6  minutes 



7  minutes 

ft  TTiinnt^Afl 

9  minntes 

10  minutes 

2.60 

Bright. 

.023 

BATTERY  NO.  3  AFTER  REST  OF  90  MINUTES. 


0.25B 

2.70 

Bright. 

.  252 

0.004 
.003 
.003 
.002 
.001 
.001 
.001 
.001 
.001 
.001 

.249 

.246 

.244 

.243 
.242 
.241 

.240 

.239 

.238 

2.50 

Bright. 

.018 

The  batteries  were  next  tested  for  recuperation  by  alternating  one 
minute  of  use  with  five  minutes  of  re.st,  as  follows : 


BATTERY   NO.   1. 


Period. 


I    Initial        Final       Drop  in 
current,    current,    current. 


First  minnte  . . 
Second  minute . 
Third  minute. . 
Fourth  minnte 
Fifth  minute  - . 


Ampere.    Ampere. 
0. 243       0. 238 


.242  I 
.241  ' 
.240 
.240 


.237 
.237 
.238 
.236 


Ampere. 
0. 005 
.005 
.004 
.002 
.004 


Initial 
voltage. 


2.  56 
2.56 
2. 56 
2.57 


Final 
voltage. 


2. 60         2. 54 


2.51 
2.50 
2.50 
2.50 


Drop  in 
yoltage. 


0.06 
.05 
.06 
.06 
.07 
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BATTERY   NO.   2. 

Initial    '     Final     ' 
current,     current. 

Ampere.      Ampere. 
0.249       0.245 
.  249         .  245 
.248         .245  ' 
.247         .243 
.247         .243 

BATTERY  NO.  3 

0.260       0.255 
.  257         . 253 
.255         .251 
.254         .250 
.  253         .  249 

Drop  In 
current. 

A  mpere. 
0.004  ' 
.004 
.003 
.004 
.004 

Initial 
voltage. 

2.63 
2.63 
2.63 
2.62 
2.63 

Period. 

Final 
voltage. 

2.56 
2.56 
2.56 
2.56 
2.60 

Drop  in 
voltiige. 

First  minute 

0.07 

Sftpond  minnti^ 

.07 

Third  minute  

.07 

Fourth  minute     

.06 

Fifth  minute 

.03 

0.005 
.004 
.004 
.004 

.004 

1 

First  minute 

Second  minute .         

2.76 
2.72 
2.70 
2.70 
2.66 

2.66 
2.66 
2.63 
2.63 
2.60 

0.10 
.06 

Third  minute  . ,       

Fourth  minute           

.07 
.07 

Fifth  minute                  .  ..    .. 

Highest  voltage  observe<i  __   . 
Lowest    voltage   observetl 

.06 

Volts. 

_     2.82 

2.50 

Extreme    variation __     , 

.       .32 

Reckoned  on  an  average  voltage  of  2.GC  volts,  this  is  a  variation  of 
12  per  cent. 

Ampere. 

Highest  amperage  observe*! 0.273 

Lowest  amperage  observed .234 


Maximum   variation .039 

Reckoned  on  an  average  amperage  of  0.248  ampere  this  is  a  variation 
of  16  per  cent  in  current.  The  drop  in  current  averages  0.002 
ampere  per  minute,  or  about  0.8  per  cent. 

It  will  be  seen  from  these  lesults  that  the  batteri'  is  quick  in  recov- 
ery and  that  while  in  use  the  reduction  in  electromotive  force 
is  comparatively  small.  The  change  in  current  observed  in  the  bat- 
teries tested  does  not  causi*  any  error  in  a  turbidity  estimation. 
Readings  were  made  at  different  times  with  a  standard  of  turbidity 
corresponding  to  250  parts  per  million  of  silica,  and  in  every  case  the 
variation  in  depth  of  liquid  read  in  the  graduated  tube  came  within 
the  probable  deviation  occurring  in  reading.  The  ordinary  varia- 
tion of  current  in  the  battery  does  not  affect  the  accuracy  of  the 
instrument  to  a  measurable  degree. 

This  battery  will  remain  effective  under  ordinary  conditions  from 
fifty  to  sixty  days,  at  the  end  of  which  time  it  is  advisable  to  change 
the  cartridge. 
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Electri^'hulh  test, — Several  lights  were  tested  to  see  if  there  were  a 
noticeable  deviation  in  the  intensity  of  light  produced.  The  test  of 
four  sample  lights  is  here  given : 


Battery. 

Lamp        Lamp        Lamp 
No.  L        No.  £        No.  3. 

8.7           8.5  !        8.4 
8.6           8.6           8.2 
8.9           8.5           8.3 

Lamp 
No.  4. 

No.l 

t  .   t 

8.0 
7.9 

No.2 

No.3 - 

The  numbers  given  are  the  depths  in  centimeters  produced  by  using 
a  standard  turbidity  of  250  with  different  batteries;  and  lights.  The 
mean  of  these  observations  is  8.4,  while  the  average  deviation  from  the 
mean  is  0.3,  which  brings  three  of  the  lamps  within  the  limit  allowed 
on  individual  readings  under  constant  conditions;  the  fourth  light, 
however,  falls  without  the  limit  of  error.  The  lamps  were  chosen 
at  random  from  a  stock  of  2.5-volt  lights.  It  is  evident  that  here  is  a 
variation  which  must  be  overcome.  It  may  be  done  by  buying  a 
large  stock  of  lamps  and  selecting  only  such  as  come  within  the  stand- 
ard conditions,  or  by  buying  lamps  of  guaranteed  candle  power. 
In  conclusion  it  may  be  said  that  it  is  well  to  test  a  new  lamp  with 
silica  standard  before  using  it  in  the  field. 

GlaH8-plate  test, — The  glass  diaphragm  placed  over  the  lamp  is 
ground  on  one  side  in  order  to  tone  and  diffuse  the  rays  from  the 
electric  light.  It  also  makes  possible  the  use  of  a  much  shorter 
glass  tube  than  would  otherwise  be  necessary,  and  it  reduces  varia- 
tion in  candlepower  in  the  effect  thereof  on  turbidity  determina- 
tions. It  appears  to  be  possible  to  procure  glasses  which  are  groimd 
to  the  same  opacity.  Different  glasses  were  tried  in  the  instrument 
without  any  apparent  effect  on  the  depth  of  turbid  liquid  required 
to  shut  off  the  light.  It  may  be  said  in  connection  with  the  ground 
glass  that  the  cross  slit  of  brass  above  it  should  be  constant  in  width 
of  aperture.  As  this  offers  no  mechanical  difficulties,  no  experi- 
ments were  made  to  determine  the  effect  of  variation  in  the  width 
of  the  slit. 

Calibration  for  twhidity, — When  work  was  begun  on  the  calibra- 
tion of  the  instrument  it  was  necessary  to  prepare  a  standard  silica 
solution.  The  standard  heretofore  used  has  been  very  difficult  to 
match  on  account  of  the  difficulty  of  grinding  the  silica  fine  enough 
to  reach  the  required  turbidity.  The  standard  is  such  that  it  gives 
a  reading  of  500  parts  per  millioa  at  a  depth  of  4.5  centimeters, 
while  the  standard  prepared  by  ordinary  grinding  gives  a  reading 
of  500  parts  per  million  at  a  depth  of  about  5.7  centimeters.    Several 
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careful  grindings  failed  to  give  the  desired  reading  of  4.5  centime- 
ters. It  was  therefore  decided  to  make  some  very  careful  grinding^ 
and  to  select  as  a  standard  the  one  giving  the  lowest  reading  in 
depth  with  the  turbidimeter.  It  was  found  that  the  particles  of 
silica  need  to  be  rubl)ed  apart  with  the  finger  after  being  ground,  ia 
order  to  secure  the  maximum  turbidity.  It  is  of  interest  to  note  the 
various  readings  with  the  four  standard  solutions  prepared. 

Variations  in  turbidity  readings  with  different  degrees  of  fineness  of  silica. 
DEPTH,   IN  CENTIMETERS,   PRODrCED  WITH  500  STANDARD. 


standard 
No.  1. 

Standard 
No.  2. 

Standard 
No.  8. 

Standard 
No.  4. 

5.7 

5.8 

4.4 

6.1 

5.6 

5.4 

4.6 

6.0 

5.6 

5.3 

4.5 

6.1 

5.7 

5.2 

4.4 

6.1 

«5.6 

a  5. 8 

«4.5 

«6.1 

DEPTH,   IN  CENTIMETERS,   PRODUCED  WITH  250  STANDARD. 


10.3 

10.2 

8.6 

11.0 

10.3 

9.7 

8.5 

11.1 

10.1 

9.9 

8.6 

11.0 

10.2 

10.0 

8.7 

11.0 

«10.2 

«10.0 

a8.6 

oll.O 

DEPTH,   IN  CENTIMETERS,  PRODUCED  WITH  125  STANDARD. 


20.0 

19.8 

16.7 

21.7 

20.3 

19.6 

16.9 

21.5 

20.5 

19.9 

17.0 

22.0 

20.5 
«20.3 

20.1 

17.1 

21.8 

«19.8 

«16.9 

«21.8 

■  Averuge. 

According  to  the.se  readings  it  was  found  that  solution  No.  3  prac- 
tically coincides  with  the  old  standard  and  was  ther^ore  used  as 
standard.  It  is  l)elieved  that  this  choice  will  rasult  in  less  confusion 
in  the  future  when  a  new  standard  solution  is  desired,  because  this 
chosen  turbidity  repre.sents  the  limit  in  grinding. 

The  work  of  calibration  consisted  in  taking  readings  with  diiferent 
dilutions  of  the  silica  standard.    After  thoroughly  shaking  the  stand- 
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ard  it  was  poured  into  the  graduated  tube  until  the  depth  was 
reached  at  which  the  cross  of  light  disappeared.  Precautions  were 
taken  to  secure  uniform  conditions  of  light,  and  the  battery  was  tested 
for  current  at  frequent  intervals.  In  the  following  tables  the  actual 
readings  of  the  tube  are  given,  after  which  the  average  and  average 
deviation  are  stated.  Observations  deviating  by  more  than  the  aver- 
age deviation  are  then  discarded  and  the  average  of  the  remainder  is 
taken  to  determine  the  resultant  point  on  the  curve  which  represents 
the  turbidity  scale. 

Calibration  of  turbidimeter  for  standard  of  250  parts  per  million  turbidity, 
[Centimeters.     Excess  of  average  deviation  Indicated  by  Italic  figures.] 


Beading. 

Deviation. 

Beading. 

Deviation. 

9.2 

0,5 

8.6 

0.1 

8.4 

,3 

8.4 

,3 

8.7 

.0 

8.8 

.1 

8.9 

.2 

8.4 

,3 

8.5 

.2 

8.4 

.3 

9.2 

.5 

9.2 

,6 

8.4 

.3 

8.4 

,3 

8.7 

.0 

8.7 

.0 

8.9 

.2         ; 

8.9 

.2 

8.5 

.2 

8.5 

.2 

8.6 

.1 

8.8 

.1 

8.8 

.1 

8.9 

.2 

8.9 

.2 

8.7 

.0 

9.0 

,3 

8.5 

.2 

8.7 
8.8 

.0 
.1 

269.9 

6.2 

8.5 

.2 

Mean=269.9 -5-31— 8.7.     Average  devlatIon«a6.2H- 31=0.2. 

It  will  be  noted  that  10  of  31  readings  differ  from  the  mean  by  an 
amount  greater  than  the  average  deviation  (0.2).  Only  3  readings 
have  a  deviation  greater  than  0.3.  It  is  therefore  assumed  that 
under  ordinary  conditions  a  variation  of  0.3  centimeter  at  250 
standard  should  be  allowed. 
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Calibration  of  turbidimeter  for  standard  of  200  parts  per  million  turbidity, 
[Centimeters.     Excess  of  average  deviation  Indicated  by  italic  figures.] 


Beading,    i  Deviation. 


11.3 
11.1 
11.1 
11.0 
11.0 
10.9 
11.5 
10.6 
11.1 
10.7 


0..S 
.1 
.1 
.0 
.0 

.1 

.5 

.4 
.1 
.3 


leading. 

Deviation. 

10.6 

0.4 

11.3 

,3 

11.1 

A 

11. 1 

A 

11. 0 

.0 

11.0 

.0 

10.9 

.1 

187.3 

2.9 

Mean=.187.3H-17— U.O.     Average  deviatlon««2.9-M7— 0.2. 

The  deviation  of  6  of  the  17  observations  exceeds  0.2  centimeter, 
the  average  deviation.  Only  3  observations  exceed  0.3  centimeter  in 
deviation.  Under  ordinary  circmnstances  we  may  consider  0.3  cen- 
timeter as  the  average  deviation. 

Calibration  of  turbidimeter  for  standard  of  100  parts  per  million  turbidity, 
[Centimeters.     Excess  of  average  deviation  indicated  by  italic  flgurea.] 


Reading. 

1 
Deviation,  i 

Beading. 

Deviation, 

21.9 

1 
0.2 

21.9 

0.2 

21.5 

.3 

22.2 

.5 

21.6 

■'  1 

21.0 

.7 

21.1 

,6 

21.9 

.2 

22.2 

,5 

21.5 

.2 

21.0 

,7 

21.9 

.2 

21.9 
21.5 

.2 
.2 

803.1 

4.7 

Mean=303.1  -^  14=21.7.     Average  deviation—4.7  -r- 14-»0.3. 

The  deviation  of  5  of  the  14  observations  exceeds  0.3  centimeter, 
the  average  deviation.  Probably  0.4  centimeter  would  be  the  ordi- 
nary deviation.  If  we  reckon  0.4  as  the  average  deviation,  mean  = 
21.8.    Probably  21.7  is  correct. 
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CaUtn-ation  of  turbidimeter  for  standard  of  125  parts  per  million  turbidity. 
[Centimeters.     Excess  of  average  deviation  Indicated  by  italic  figures.] 


Beading. 

Deviation. 

Beading. 

Deviation. 

17.8 

0.0 

17.2 

.1 

16.7 

,6 

17.5 

.2 

17.2 
17.4 
17.8 

.1 
.1 
.0 

17.4 

.1 

1       155.6 

1.5 

17.6 

.3 

i 

Mean  *-i  155.6  -i-  9  ««  17.3.     Average  deviation  ««  1.5  —  0  —  0.2. 

The  average  deviation  from  9  readings  is  0.2  centimeter  and  is 
exceeded  by  only  2  readings.  Probably  more  readings  would  give 
greater  deviations  and  the  average  deviation  would  be  increased. 

Calibration  of  turbidimeter  for  standard  of  500  parts  per  million  turbidity, 
[Centimeters.     Excess  of  average  deviation  Indicated  by  italic  figures.] 


Beading. 

Deviation. 

Beading. 

Deviation. 

4.4 
4.6 
4.5 
4.4 
4.4 

0.1 
.1 
.0 
.1 
.1 

4.6 
4.5 

.1 
.0 

.5 

81.4 

Hean««31.4-^7B«4.5.     Average  deviation— 0.5 -i- 7=^0. 1. 

Though  only  7  readings  are  here  given,  many  more  were  taken 
without  getting  anomalous  results.  The  probable  deviation  is  0.1 
centimeter  and  will  not  be  exceeded.    Mean=4.5  centimeters. 

Turbidity  of  IfiOO  parts  per  million. — From  many  observations 
at  different  times,  2.3  centimeters  is  the  reading  for  1,000  standard. 

Average  devlation=0.1  centimeter. 
Mean  =2.3  centimeters. 

We  have,  then,  determined  by  actual  experiment  the  depth  cor- 
responding to  6  turbidities  : 

Turbidity 100 

Deptb   (centimeters)—     21.7 


125 

200 

250 

500 

1,000 

17.3 

11.0 

8.7 

4.5 

2.3 
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These  points  are  then  plotted  on  logarithmic  cross-section  paper 
(fig.  2)  and  intermediate  points  determined  by  measurement  on 
the  plot. 

Below  100,  depths  have  been  determined  at  50  and  at  25  by  using  a 
longer  tube,  with  which  the  effect  will  be  the  same  as  lowering  the 
light  into  the  standard  by  means  of  a  tape.     The  observations  made 
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Fio.  2. — Logarithmic  scale  of  turbidity. 

at  50  and  25  seem  to  indicate  that  the  curve  begins  to  swing  away 
from  its  course  at  100.  This  change  may  be  due  to  the  fact  that  the 
distance  between  light  and  eye  is  increased.  From  1,000  to  100  the 
light  is  25  centimeters  from  the  eye ;  at  50  it  is  40  centimeters  away, 
while  at  25  the  distance  is  65  centimeters.  The  readings  are  as 
follows : 


Digitized  by  VjOOQIC 


LEIOHTON.I  SUSPENDED   MATTEB.  39 

Calibration  of  turhidimeter  for  standard  of  50  and  25  parts  per  million  turbidity. 

(Centimeters.]  [Centimeters.] 

25  parts. 


64 
61 
56 
61 
63 
60 
65 

430 


Menn=4;iO-^7=01. 


Mean=346.8-f- 10=34.7. 


400  SOO  600 

fifrts  per  million  of  silica 

Fig.  3. — Turbidity  curve. 
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These  readings  may  not  be  accurate.  Further  experiments  may 
show  that  they  are  too  low.  At  most,  however,  they  are  within  10 
parts  per  million  of  silica  in  their  relation  to  the  real  values  (fig.  3). 
The  limit  of  accuracy  between  100  and  1,000  is  well  defined  from  the 
2>oints  determined. 

From  the  values  heretofore  determined  the  depths  of  liquid  in  the 
turbidimeter  corresjxniding  to  a  silica  standard  of  turbidity  are  set 
forth  in  the  following  table : 


Turbidity  detcrm  inatio7is. 


Depth. 

Silit-a. 

Parts  per 
million. 

Depth. 

Cm. 

Silica. 

Cm. 

Parts  per 
miUion. 

2.3 

1,000 

10.5 

210 

2.6 

900 

11.0 

200 

2.9 

800 

11.5 

190 

3.2 

700 

12.1 

180 

3.5 

650 

12.8 

170 

3.8 

600 

:  13.6 

160 

4.1 

550 

14.4 

150 

4.5 

500 

15.4 

140 

4.9 

4.50 

16.6 

130 

5.6 

400 

18.0 

120 

6.3 

350 

19.6 

110 

7.3 

300 

21.7 

100 

7.6 

290 

23.0 

90 

7.8 

280 

25.0 

80 

8.1 

270 

28.0 

70 

8.5 

260 

31.0 

60 

8.7 

250 

35.0 

50 

9.1 

240 

42.0 

40 

9.5 

230 

52. 0 

30 

10.0 

220 

70.0 

20 

DETERMINATION    OF   THE   PROBABLE   ERROR. 


Readings  on  the  same  standard  solution  with  the  same  battery 
and  light  by  the  same  person  will  vary  within  narrow  limits.  These 
limits  have  l)een  determined  for  several  points  and  calculated  as 
average  deviation. 


Digitized  by  VjOOQIC 


LKIO  HTOK.  1  COLO&.  4 1 

Limits  of  accuracy  on  duplicate  readings. 


Average  devi- 
Standard.      ation  in  centi- 
;       meters. 


Limit  of  accara<*y  in  parts  per  million. 


1,000  0. 1  '  Reading  correct  within  85  parts. 

500  . 1     Reading  correct  within  15  parts. 

250  ,  .  3  1  Reading  correct  within  10  parts. 

I  ! 

200  I  .  8     Reading  correct  within  8  parts. 

100  I  .  4     Reading  correct  within  5  i)arts. 

50 Reading  correct  within  5  parts. 

30    Reading  correct  within  5  parts. 


In  other  words,  a  turbidity  between  500  and  1,000  parts  can  be 
measured  accurately  within  35  parts.  Between  200  and  500  parts 
measurement  can  be  made  within  10  to  15  parts,  and  between  50  and 
200  within  5  to  8  parts  per  million. 

The  limit  of  accuracy  is  not  changed  by  change  of  observers.  Since 
the  thing  seen  is  a  ray  of  light,  it  appears  to  be  visible  to  any  eye  and 
appears  to  be  shut  off  at  tlie  same  depth  for  different  observers. 

The  limit  is  greater  than  that  change  in  depth  caused  by  normal 
variations  in  the  current.  Therefore  the  limit  of  accuracy  is  not 
increased  by  variations  in  the  battery  within  ordinary  limits. 

Changes  in  the  electric  bulb  can  introduce  a  constant  error  greater 
than  the  probable  error  in  determination.  Therefore  only  such 
lamps  should  be  used  as  have  been  tested  with  a  standard  silica 
solution. 

In  the  general  field  work  of  the  hydrographic  branch  the  field 
assistants  and  those  cooperating  are  instructed  to  use  the  Jackson  tur- 
bidimeter in  connection  with  all  waters  having  a  turbidity  of  more 
than  100,  while  the  turbidity  rod  could  be  used  in  waters  having  a 
lower  turbidity.  The  objections  mentioned  in  connection  with  the 
use  of  this  rod  are  not  so  serious  in  the  determination  of  low  tur- 
bidities. 

COLOR. 
OCCURRENCE. 

The  term  "  color  "  as  used  in  water  chemistry  should  not  he  con- 
founded with  the  term  as  ordinarily  used.  The  streams  of  the  Missis- 
sippi Valley,  and  indeed  the  great  river  itself,  appear  highly  colored. 
One  will  find  rivers  which  are  habitually  red,  yellow,  brown,  or  black 
in  appearance.  This  color  is  not  due  to  the  water  itself,  but  to  the 
character  of  the  matter  which  is  carried  in  suspension.  It  is  a  factor 
of  the  turbidity,  and  reveals  the  nature  of  the  geologic  formations 
eroded  by  the  flowing  water.    On  the  other  hand,  waters  may  have  a 
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color  due  to  dissolved  substances,  and  this  is  the  feature  referred  to 
by  the  term  as  used  in  water  analysis. 

In  those  parts  of  the  United  States  where  the  underlying  rock  is 
resistant — that  is,  where  it  does  not  readily  break  up  and  disintegrate 
under  the  forces  of  erosion — we  usually  find  colored  water.  At  first 
sight  it  seems  paradoxical  that  the  clear  waters  of  New  England, 
many  of  which  drain  from  granitic  formations  and  hills  of  gravel, 
are  colored,  while  those  of  the  Central  We^t,  which  carry  large 
amounts  of  suspended  matter  eroded  from  the  surface,  are,  when  freed 
from  turbidity,  nearly  colorless.  In  many  cases  this  is  due  to  the  fact 
that  the  substances  in  suspension  are  of  such  nature  that  they  absorb 
any  color  which  might  have  l>een  dissolved.  On  tlie  other  hand,  in 
New  England  streams  the  color  due  to  the  decay  of  vegetable  matter, 
such  as  peat  or  muck,  remains  in  solution,  and  while  the  water  is  gen- 
erally very  clear  the  color  itself  is  apparent  in  varying  degrees. 

The  imj3ortance  of  the  color  determination  arises  from  the  fact  that 
in  j)ublic  supplies  consumers  demand  a  clear,  colorless  liquid,  and 
are  reluctant  to  accept  any  other.  In  manufacturing  processes  a 
colored  water  often  works  harm.  In  certain  classes  of  waters  the 
dissolved  color  is  a  fair  index  of  the  amount  of  organic  matter  con- 
tained. These  facts  pertain  primarily  to  unpolluted  water,  for  it  is 
apparent  that  a  water  contaminated  by  wastes  may  have  colors  aris- 
ing from  sources  such  as  dyes,  sediments,  etc.  On  the  whole,  the  color 
of  a  natural  water  which  can  be  applied  to  domestic  and  manufac- 
turing purposes  affe<;ts  its  value  along  economic  lines.  The  periodical 
determination  of  dissolved  color  is  necessary,  as  its  intensity  varies 
with  the  seasons  and  is  influenced  by  sunlight,  precipitation,  and 
various  other  natural  phenomena. 

COLOR   STANDARDS. 
GEOLOGICAL  SUBTET  STANDARD. 

The  standard  of  color  determinations  adopted  by  the  United  States 
Geological  Survey  is  known  as  the  platinum-cobalt  method,  devised 
by  Mr.  Allen  Hazen,  from  whom  so  many  practical  and  extremely 
valuable  ideas  with  reference  to  the  determination  of  quality  of  water 
have  come. 

The  method  is  as  follows : 

A  standard  solution  which  has  a  color  of  500  is  made  by  dis- 
solving 1.246  grams  potassium-platinic  chloride  <»  (PtCl4,2KCl), 
containing  0.5  gram  platinum,  and  1  gram  of  crystallized  cobalt 
chloride  (CoCl2,6H20),  containing  0.25  gram  of  cobalt  in  water,  with 

•  Potassium-platinous  chloride  Is  a  salt  that  is  often  substituted  by  dealers  in  place  of 
the  potassium-platinic  chloride.  It  Is  sometimes  incorrectly  labeled.  The  platlDous  salt 
has  a  reddish  color,  while  the  platinic  salt  has  a  yellow  color. 
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r 
100  cubic  centimeters  concentrated  hydrochloric  acid,  and  making  up 

to  1  liter  with  distilled  water.  By  diluting  this  solution,  standards 
are  prepared  having  values  of  0,  5,  10,  15,  20,  25,  30,  35,  40,  50,  60, 
and  70.  The  numbers  correspond  to  the  metallic  platinum  in  the  solu- 
tions in  parts  per  million.  These  are  kept  in  100  c.  c.  Nessler  jars 
of  such  diameter  that  the  liquid  shall  have  a  depth  between  20  and  25 
centimeters  and  shall  be  protected  from  dust.  The  color  of  a  sample 
is  observed  by  filling  a  similar  tube  with  water  and  comparing  it 
with  the  standards.  The  ol>servation  is  made  by  looking  verti- 
cally downward  through  the  tubes  upon  a  white  surface  placed  at 
such  an  angle  that  light  is  reflected  upward  through  the  column  of 
liquid.  The  reading  is  recorded  to  the  nearest  unit.  Waters  that 
have  a  color  darker  than  70  are  diluted  before  making  the  compar- 
ison, in  order  that  no  difficulties  may  he  encountered  in  match- 
ing the  hues.  Water  containing  matter  in  suspension  is  filtered 
until  no  visible  turbidity  remains.  If  the  suspended  matter  is  coarse, 
filter  paper  may  be  used  for  this  purpose;  if  the  suspended  matter  is 
fine,  the  use  of  the  Berkfeld  filter  is  recommended.  The  use  of  a  Pas- 
teur filter  is  to  be  avoided,  as  it  exerts  a  decolorizing  action. 

It  is  impracticable  to  carry  the  standard  tubes  above  described  into 
the  field  for  observations,  and  yet  field  observations  are  of  great  con- 
venience and  value  to  the  sanitary  engineer,  and  in  general  to  the 
investigations  of  the  United  States  Geological  Survey. 

FIELD  8TANDABD8. 

DE8CBIFT10N. 

Disks  of  colored  glass  have  been  prepared  by  Mr.  Allen  Hazen,  in 
cooperation  with  the  Survey,  as  standards  for  measuring  color  of  water 
in  the  field."  These  disks  have  been  rated  by  Mr.  (leorge  C.  Whipple 
to  correspond  w^ith  the  platinum-cobalt  standard.  The  color  is  meas- 
ured by  balancing  the  color  of  the  water  in  a  metallic  tube  with  glass 
ends  against  the  colors  of  glass  disks  of  known  value.  The  number 
on  each  disk  represents  the  corresponding  color  of  a  water.  This  is 
not  a  new  standard,  but  a  new  application  of  an  old  standard.  The 
glass  disks  are  rated  to  correspond  with  the  platinum-cobalt  color 
standard.  The  process  bears  the  same  relation  to  the  usual  labora- 
tory process  that  an  aneroid  barometer  bears  to  a  mercurial  barometer. 
The  metallic  tulx»s  and  glass  standards  are  more  portable  and  better 
adapted  to  field  use  than  the  Xe^ssler  tulK\s  and  color  solutions  hereto- 
fore used.  The  standards  are  disks  of  amber-colored  glass,  mounted 
with  aluminum.  Each  disk  carries  two  numbers.  One  number  is 
over  100,  and  is  a  serial  number  for  the  purpose  of  identification. 

•  I^ressey,  H.  A.,  Obsenrations  on  flow  of  rivers  in  vicinity  of  New  York  City :  Water- 
Sup,  and  Irr.  Paper  No.  76.  U.  S.  Oeol.  Survey,  1903,  PI.  X. 
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The  other  number  is  less  than  100,  and  shows  the  color  value  of  the 
disk;  that  is  to  say,  the  color  of  each  disk  is  equal  to  the  color  of  a 
solution  of  the  designated  number  of  parts  per  million  of  platinum 
with  the  required  amount  of  cobalt  to  match  the  hue  when  seen  in  a 
depth  of  200  millimeters.  ^Mien  a  water  comes  between  two  disks  its 
value  can  be  estimated  between  them  by  judgment.  Two  or  more 
disks  can  be  used,  one  behind  the  other,  in  which  case  their  combined 
value  is  the  sum  of  the  individual  values.  By  combining  the  disks  of 
a  series  in  different  ways  a  considerable  number  of  values  can  be  pro- 
duced, allowing  the  closer  matching  of  many  waters. 

USE  OF  FIELD  STANDARDS. 

Filling  the  tubes. — The  tube,  having  an  aluminum  stopper,  is  to  be 
filled  with  water,  the  color  of  which  is  to  be  determined.  Rinse  the 
tube  once  or  twice  by  filling  and  emptying  it.  The  second  tube,  hav- 
ing the  clips  to  hold  the  glass  disks,  is  made  much  like  the  one  holding 
the  water,  to  facilitate  comparison.  Theoretically  this  tube  should 
be  filled  with  distilled  water.  Practically  it  makes  very  little  differ- 
ence whether  it  is  filled  with  distilled  water  or  empty.  Use  distilled 
water  when  it  is  convenient  to  do  so,  and  when  distilled  water  of 
unquestionable  quality  is  at  hand;  otherwise  wipe  the  inside  of  the 
tube  dry  to  prevent  fogging  of  the  glass  ends,  and  proceed  with  the 
tube  empty. 

Holding  the  tubes. — Hold  the  tubes  at  such  a  distance  from  the  eye 
rhat  the  sides  of  the  tubes  just  can  not  be  seen.  This  occurs  when  the 
near  end  of  the  tube  is  8  or  9  inches  from  the  eye.  Hold  the  tubes  at 
such  an  angle  that  both  can  be  seen  at  once  with  one  eye.  Good 
results  can  not  be  obtained  in  any  other  way.  Interchange  the  tubes 
once  or  twice,  as  sometimes  the  light  on  the  right  and  left  is  not  quite 
equal. 

Background. — There  should  be  a  clear  white  background  with  a 
strong  illumination.  The  best  results  can  not  be  obtained  with  either 
too  little  or  too  much  light.  In  a  gray  day  look  at  the  sky  near  the 
horizon  away  from  the  sun.  In  a  bright  day  look  at  a  piece  of 
white  paper  or  tile  upon  which  a  strong  light  falls.  The  white  sur- 
face may  be  vertical  and  the  tubes  held  horizontally,  or  the  tubes  may 
be  held  at  an  angle  directed  downward  toward  a  horizontal  surface, 
as  may  be  most  convenient.  Good  results  can  not  be  obtained  by 
artificial  light. 

Turbid  tcater. — The  colors  of  very  turbid  waters  can  not  be  meas- 
ured in  this  way.  Slight  turbidities  do  not  interfere  seriously  with 
the  results.  Waters  too  turbid  for  direct  observations  should  be 
filtered  through  thick  filter  paper  before  being  tested;  and  in  case 
the  suspended  matter  causing  the  turbidity  is  fine  in  grain  and  large 
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in  amount,  even  this  method  may  fail.  The  turbidity  of  water  should 
be  taken  as  far  as  possible  in  connection  with  color  observations, 
except  in  cases  where  it  is  obvious  from  inspection  that  there  is  prac- 
tically no  turbidity. 

Highly  colored  waters. — Some  waters  will  be  found  having  a 
higher  color  than  can  be  matched  by  the  standards.  In  general, 
waters  with  colors  above  100  should  not  be  matched  in  200-millimeter 
tubes,  and  the  results  with  waters  having  colors  below  80  will  be 
considerably  more  accurate  than  with  more  highly  colored  ones. 
Two  procedures  are  possible  with  waters  having  higher  colors; 
namely,  to  dilute  with  distilled  water  before  measuring  the  color,  or  to 
use  shorter  tubes.  The  latter  procedure  is  the  more  convenient,  but 
both  are  equally  accurate.  To  measure  the  color  with  short  tubes, 
put  the  highly  colored  water  in  a  tube  of  one-half  the  usual  length 
and  match  as  usual.  It  is  not  necessary  to  have  a  short  standard 
holder.  The  200-millimeter  tube  can  be  used.  After  the  water  is 
matched  the  result  is  multiplied  by  2.  In  case  the  color  is  too  high 
to  be  read  in  a  100-millimeter  tube  it  can  be  put  in  a  50-millimeter 
tube,  and  the  result  multiplied  by  4.  When  dilution  is  used  the 
highly  colored  water  is  mixed  with  one  or  more  volumes  of  distilled 
water,  the  color  matched,  and  the  result  multiplied  by  a  correspond- 
ing factor.  The  tube  itself  can  be  used  for  measuring  the  colored 
water  and  the  distilled  water,  and  the  mixing  can  be  done  in  a  tumbler 
or  any  convenient  clean  vessel. 

Cleaning  the  tubes, — Always  keep  the  tubes  clean.  Take  particu- 
lar care  of  the  glass  ends.  All  the  ends  are  removable  for  the  purpose 
of  cleaning,  and  should  not  be  screwed  on  too  tightly.  They  should 
be  water-tight  when  screwed  up  only  loosely,  for  if  screwed  on  hard 
they  may  stick  so  as  to  come  off  with  difficulty. 

IRON. 

One  of  the  important  determinations  which  it  is  necessary  to 
include  in  many  special  investigations  is  that  of  iron.  Water  con- 
taining an  appreciable  amount  of  this  metal  can  not  be  used  in  many 
manufacturing  processes.  It  is  objectionable  in  domestic  uses  by 
reason  of  its  taste  and  the  discoloration  of  linen.  Certain  solutions 
of  iron  in  boiler  feed  waters  are  particularly  destructive.  Iron  in 
ground  waters  stimulates  the  growth  of  Crenothrix^  which  frequently 
clogs  water  pipes.  On  the  other  hand,  iron  has  a  certain  medicinal 
value,  and  when  it  is  in  the  form  of  sulphate  has  valuable  coagulat- 
ing properties.  The  last-named  effect  is  well  demonstrated  in  streams 
draining  coal  regions." 

•  Leighton,  M.  O.,  Quality  of  water  In  Susquehanna  River  draina^^  basin :  Water-Sup. 
and  Irr.  Pap«r  No.  108,  U.  8.  Geol.  Survey,  1904,  p.  36. 
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Colorimetric  methods  are  believed  to  be  the  simplest  and  best  for 
the  determination  of  iron  in  natural  waters,  and  they  readily  lend 
themselves  to  modification  for  field  purposes.  That  which  involves 
the  use  of  potassium  ferrocyanide,  described  on  page  226  of  Sutton's 
Volumetric  Analysis,  ninth  edition,  was  selected  as  best  adapted  for 
the  purposes  in  view.  The  process  involves  the  addition  of  acid  and 
KCNS  to  the  water  under  investi^jation  or  to  the  residual  solution  of 
that  water,  thereby  producing  a  characteristic  blood-red  color.  The 
depth  of  this  color  is  absolutely  fixed  by  the  amount  of  iron  in  the 
w^ater.  It  is  then  necessary  to  add  to  a  similar  mixture,  made  up  with 
distilled  water,  such  a  quantity  of  standard  iron  solution  as  will  pro- 
duce in  this  solution  exactly  the  same  shade  of  red  as  is  shown  in  the 
water  under  investigation.  Then  from  the  amount  of  standard  iron 
solution  used  to  produce  that  shade  of  red  the  amount  of  iron  in  the 
water  under  investigation  may  easily  be  determined. 

The  modification  of  this  method  for  field  purposes  consists  of  the 
use  of  fixed  color  standards,  each  having  been  previously  rated  to  cor- 
respond with  some  known  equivalent  of  iron.  The  apparatus  used 
in  the  work  is  that  already  described  for  the  determination  of  natural 
color.  (PI.  II.)  The  color  standards  are  red  gla&s  disks,  rated  and 
used  in  precisely  the  same  way  as  the  natural  color  standards.  The 
colored  light  is  transmitted  directly  through  the  disk  tube,  and  the 
disks  may  be  changed  or  combined  until  the  color  of  the  sample  under 
examination  is  matched.  Then  from  the  rating  of  the  disks  the 
amount  of  iron  may  be  stated. 

A  sample  of  the  clear  water  to  be  tested  is  poured  into  a  50-  or  100- 
c.  c.  graduate  to  the  45  c.  c.  mark,  2  cubic  centimeters  of  concentrated 
nitric  acid  added,  and  the  contents  thoroughly  mixed  in  order  to  con- 
vert all  ferrous  iron  present  into  ferric  iron.  The  fluid  should  then 
be  allowed  to  stand  about  five  minutes. 

The  mixing  and  oxidation  is  preferably  accomplished  by  pouring 
the  solution  from  the  graduate  into  another  vessel,  such  as  the  glass 
turbidimeter  tube,  and  vice  versa,  at  least  eight  or  ten  times.  To  the 
acidified  solution  in  the  graduate  is  then  added  »3  cubic  centimeters  of 
a  solution  of  potassium  sulphocyanide  containing  20  grams  KCNS 
per  liter,  and  the  liquids  are  thoroughly  mixed  and  allowed  to  stand 
10  minutes.  The  solution  is  now  transferred  to  the  aluminum  color- 
imeter tube,  which  has  a  capacity  of  about  45  cubic  centimeters  and  is 
about  8  inches  long. 

Nitric  acid  is  used  in  the  above  method  instead  of  hydrochloric 
acid,  commonly  employed,  in  the  first  place  to  avoid  any  corrosion  of 
the  aluminum  tube,  the  desirability  of  the  use  of  which  will  be  ex- 
plained later.  With  the  employment  of  nitric  acid  instead  of  hydro- 
chloric acid,  moreover,  it  was  discovered  that  the  color  produced  in 
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iron  solutions  by  the  addition  of  sulphocyanide  is  somewhat  deeper 
and  does  not  fade  nearly  so  rapidly.  Finally,  the  addition  of  nitric 
acid  not  only  effects  the  required  acidity  of  the  solution  essential  to 
the  test,  but  obviates  the  need  of  employing  potassium  permanganate 
in  order  to  convert  any  ferrous  iron  present  to  the  ferric  state. 

The  aluminum  tube  is  employed  in  the  assay  for  iron  in  natural 
waters,  because  (1)  it  is  light,  (2)  it  can  not  be  easily  broken  in 
transportation,  like  the  glass  tubers  used  in  the  water  laboratories,  (3) 
it  is  proWded  with  a  suitable  spring  for  supporting  the  colored-glass 
disks,  (4)  it  provides  a  suitable  depth  of  column  of  the  water  for  the 
iron  determination,  and  (5)  it  is  generally  used  by  the  hydrographic 
division  in  determining  the  natural  colors  of  waters.  The  aluminum 
rolorimeter  tube  thus  serves  a  double  purpose,  and  obviates  the  neces- 
sity of  carrying  special  tubes  in  the  field  for  the  iron  assay. 

The  results  reached  by  this  method  of  determination  should  be  as 
accurate  for  practical  purpose^s  as  those  attained  by  the  laboratory 
method. 

CHLORIDES. 

The  determination  of  chlorides  in  water  is  significant  in  two  gen- 
eral lines  of  invastigation.  In  connection  with  sanitary  analyses,  it 
is  in  certain  parts  of  the  country  a  valuable  index  of  sewage  pollu- 
tion. In  analyses  of  water  for  l)oiler  and  industrial  purposes  it  is 
also  important,  as  the  chloridas  of  calcium  and  magnesium  corrode 
boiler  plates. 

LABORATORY    DETERMINATION. 

With  reference  to  the  determination  of  chlorides  from  a  sanitai^ 
standpoint,  the  following  article  by  Mr.  Daniel  D.  Jackson,  chemist 
in  charge  of  the  Mount  Prospect  laboratory,  department  of  water 
supply,  gas,  and  electricity,  of  New  York  City,  is  presented : 

Chlorine,  a  constituent  of  common  salt,  is  present  in  nearly  all  natural  waters. 
Its  original  sources  are  mineral  salt  dei)08lt8  and  finely  divided  salt  spray  from 
the  sea.  This  latter  is  carried  with  dust  particles  by  the  wind  and  precipitated 
with  the  rain.  All  salt  found  in  waters  not  coming  from  these  original  sources 
comes  from  domestic  drainage,  and  indicates  that  the  water  Is  at  the  present  time 
polluted,  or  was  polluted  and  has  since  been  purlfie<l.  By  a  comparison  of  the 
salt  contents  of  any  water  under  examination  with  tlie  normal  chlorine  figure 
for  that  region,  the  extent  of  i)a8t  or  present  i)ollution  may  be  determined. 

PHYSlOLOaiCAL    FUNCH-IONS    OF   COMMON    SALT. 

Salt  always  occurs  In  drainage  from  animal  sources  l>ecause  In  all  animal 
economy  a  certain  fairly  definite  amount  of  common  salt  Is  eaten  with  the  f(X)d 
daily  and  later  expelled  from  the  body  in  practically  the  same  condition  In 
which  it  was  absorbed.  That  It  plays  an  Imiwrtant  rAle  in  the  bloml  Is  indi- 
cated by  the  fact  than  on  an  average  it  constitutes  about  one-half  of  the  total 
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blood  ash.  It  is  also  found  that  normal  gastric  juice  can  not  be  formed  without 
the  presence  of  salt,  and  that  in  many  other  secretions  of  the  body  its  presence 
is  probably  a  necessity. 

SALT   AS    AN    INDICATION    OF   POLLUTION. 

The  amount  of  salt  in  a  water  is  a  valuable  indication  of  pollution  because 
of  the  followinK  facts :  The  animal  botij^  exi)els  the  same  amount  of  salt  that  it 
absorbs;  this  salt  is  unchangeable  in  the  soil  and  is  very  soluble  in  water;  it 
must  eventually  form  a  part  of  the  drainage  and  become  mixed  with  the  general 
run-off  of  the  region  in  which  it  is  exi>elled.  The  average  amount  of  salt  enter- 
ing the  drainage  of  any  particular  district  is  so  constant  for  each  inhabitant 
that  it  has  l>een  claimed  that  the  number  of  [people  living  on  a  drainage  area 
may  be  determined  with  a  fair  degree  of  accuracy  from  tlie  average  run-off  and 
the  excess  of  chlorine  over  the  normal.«  Stearns  estimates  the  chlorine  in  the 
run-off  of  any  drainage  area  not  receiving  factory  waste  to  be  increased  alx>at 
one-tenth  of  a  part  iK*r  million  by  every  20  inhabitants  per  square  mile. 

SALT   IN    THE    WATERS   OF   INLAND   STATES. 

All  salt  In  natural  uniK)lluted  waters  farther  inland  than  Ohio  comes  from 
mineral  deposits.  The  salt  winds  from  tlie  sea  have  no  effect  beyond  this 
State,  but,  unfortunately,  west  of  this  State  a  large  proportion  of  the  natural 
waters  are  more  or  less  affected  by  the  salt  deiK)sits.  The  underground  salt 
seems  to  spread  over  a  broad  area,  and  exerts  not  only  a  wide  but  a  variable 
influence  over  most  of  the  waters.  In  these  inland  States,  while  the  **  normal 
chlorine  "  w^ould  l)e  practically  zero,  the  value  of  the  determination  of  chlorine 
is  in  most  cases  vitiated  by  the  variable  quantity  of  salt  from  mineral  sources. 
Determinations  of  chlorine  in  samples  of  water  taken  above  and  below  a  citj' 
which  runs  its  drainage  into  the  stream  examined  may  give  the  extent  of  pollu- 
tion due  to  tlie  city  sewage,  but  the  waters  so  far  analyzed  in  the  inland  States 
give  indications  that  the  question  of  normal  chlorine  does  not  to  any  great 
extent  enter  into  sanitary  problems. 

SALT   IN    COAST   STATE   WATERS.  * 

On  the  other  hand,  the  coast  State  waters  are  practically  unaffected  by  this 
mineral  salt,  and  while  very  extensive  deiiosits  exist,  especially  in  the  State 
of  New  York,  they  are  in  narrow  pockets  and  exert  an  influence  over  a  very 
limited  area.  Except  in  these  pockets  the  mineral  salt  has  apparently  been 
washed  into  the  sea. 

It  is  found  that  in  the  coast  States  the  salt  in  the  natural  waters  which 
comes  from  original  sources  is  practically  all  brought  in  by  the  sea  winds,  and 
that  a  certain  normal  amount  is  present  in  the  waters  of  each  locality. 

The  difference  in  the  normal  amount  in  different  localities  Is  due  to  varia- 
tions in  distance  from  the  seacoast,  in  the  amount  of  rainfall,  in  the  rate  of 
evaporation,  in  the  amount  of  protection  from  ocean  winds,  and  in  the  direction 
of  the  prevailing  winds.  In  spite  of  the  great  variety  of  causes  which  affect 
the  normal  chlorine  in  natural  waters,  the  normal  for  any  particular  region  is 
surprisingly  constant. 

The  chlorine  decreases  as  waters  farther  and  farther  inland  are  tested,  so 
that  by  connecting  with  lines  on  the  map  lo(\*ilities  having  the  same  normal  we 
And  that  these  lines  of  ecpial  chlorine  (Isochlors)  follow  in  a  general  way  the 


«Rept.  Massachusetts  State  Board  of  Health,  1890,  pt.  1,  p.  680. 

Digitized  by  CjOOQIC 


I.BIGHTON.1   '  CHLORIDES.  49 

coast  lines,  and  as  they  extend  inland  are  still  more  or  less  parallel  to  the  coast 
The  distance  of  these  lines  from  the  coast  depends  chiefly  upon  the  general 
dire<*tion  of  the  wind  and  the  protei-ting  Influences  of  mountains  on  the  coast 
or  of  islands  near  the  mainland. 

COIXECTION   OF   SAMPLES. 

In  order  to  obtain  the  normal  chlorine  lines  for  any  State  it  is  first  necessary 
to  collect  a  large  number  of  analyses  for  chlorine  in  waters  taken  at  different 
seasons  over  the  entire  area  to  be  covered.  It  is  evident  that  near  the  seacoast, 
where  the  variations  in  chlorine  within  a  limited  area  are  greatest,  the  largest 
amount  of  data  must  be  collected.  A  large  number  of  samples  of  water  taken 
from  surface  and  ground  sources  must  be  obtained.  The  i)ond  waters  usually 
give  the  best  results,  and  careful  inspection  of  the  drainage  area  of  such  sources 
gives  a  good  idea  of  whether  or  not  the  water  is  subject  to  pollution.  Samples 
for  analysis  should  be  chosen  as  far  from  human  habitation  as  possible. 

SOLUTIONS  REQUIRED  IN  THE  ANALYSIS  OF  WATER  FOR  CHLORINE. 

The  following  solutions  are  employed  in  the  analysis  of  water  for  chlorine : 

fialt  solution. — A  solution  of  chemically  pure  fused  salt,  containing  1  milli- 
gram of  chlorine  in  each  cubic  centimeter,  is  made  by  dissolving  1.048  grams  of 
the  fused  sodium  chloride  In  1  liter  of  distilled  water  free  from  chlorine. 

fUlvcr-nitrate  solution. — Two  and  one-half  grams  of  crystallized  silver  nitrate 
are  dissolved  in  1  liter  of  distilled  water  free  from  chlorine.  To  this  solution 
water  or  strong  silver  nitrate  is  adde<l  until  by  actual  titration  10  cubic  centi- 
meters of  it  are  equal  to  5  cubic  centimeters  of  the  standard  salt  solution. 
One  cubic  centimeter  of  this  solution  Is  then  equal  to  0.5  milligram  of  chlorine. 

Potassium-chromate  solution. — An  indicator  solution  is  made  by  adding  50 
grams  of  potassium  chromate  to  1  liter  of  distille<l  water  and  then  adding  suflS- 
clent  silver-nitrate  solution  to  precipitate  all  the  chlorine  present  and  turn  the 
precipitate  slightly  reddish.  This  is  allowed  to  stand,  and  by  filtering  or  decant- 
ing the  clear  solution  Is  then  obtained. 

Emulsion  of  alumina, — This  Is  made  by  dissolving  125  grams  of  potassium  or 
ammonium  alum  In  1  liter  of  water  and  precipitating  the  alumina  from  boiling 
solution  by  ammonia.  After  prec'ipltatlon  the  alumina  must  be  washed  free 
from  chlorine,  sulphate,  and  ammonia  by  successive  treatments,  settlings,  and 
decantatlons  with  cold  distilled  water. 

METHOD    OF    PROCEDURE    IN    THE    ANALYSIS    OF    WATER    FOR    CHLORINE. 

Pour  25  cubic  centimeters  of  the  water  to  be  tested  into»  a  white  iwrcelain 
dish.  Add  about  one-half  a  cubic  centimeter  of  chromate  solution  and  run  In 
standard  silver-nitrate  solution  from  a  burette  until  the  first  faint  reddish  tint 
appears.  This  is  more  easily  noted  if  for  comparisoh  a  dish  containing  the 
same  amount  of  water  and  chromate  is  kept  beside  the  dish  in  which  the  test  Is 
made. 

If  1  or  more/nibic  centimeters  of  silver  nitrate  are  necessary  to  reach  an  end 
point,  the  test  may  be  made  without  evaimration.  but  if  less  is  required  then 
evaporate  250  cubic  centimeters  to  25  cubic  t^ntlmeters  volume  l)efore  making 
the  test.  It  may  at  times  l)e  necessary  to  evaporate  more  than  this  if  the 
chlorine  present  is  very  close  to  zero  in  amount. 

It  is  best  to  always  titrate  with  25  cubic  centimeters  of  the  water.  In  this 
case  0.1  cubic  centimeter  Is  subtracted  from  the  results  as  an  indicator  error. 
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If  more  than  this  amount  is  used  in  titration,  subtract  0.1  cubic  centimeter  for 
each  25  cubic  (*entimeters  of  the  volume  of  water  titrated. 

If  250  cubic  centimeters  of  water  are  taken,  the  number  of  cubic  centimeters 
of  silver-nitrate  solution  used  to  obtain  an  end  point  minus  0.1  cubic  centimeter 
multiplied  by  2,  gives  the  chlorine  in  i)art8  per  million. 

Example :  2.50  cubic  centimeters  are  evaporated  to  a  volume  of  25  cubic  centi- 
meters and  chromate  solution  addeti.  In  the  titration  3.5  cubic  centimeters  of 
silver  nitrate  are  used.  Then  (3.5 —  0.1)  x2  =  6.8.  The  water,  then,  contains 
G.8  parts  i>er  million  of  chlorine. 

If  the  sample  is  highly  ci>lored  and  very  turbid  it  may  be  necessary  to  clarify 
it  by  treating  it  with  an  emulsion  of  alumina.  This  is  best  accomplished  by 
bringing  the  water  Just  to  the  l)oiling  point,  and  then  adding  alumina  and 
shaking  the  emulsion.  In  a  few  minutes  the  clarified  water  may  be  decanted. 
This  is  allowed  to  cool  and  the  required  amount  is  measured  out  for  titration. 

OBSERVATIONS   ON    THE    USE   OF   THE    NORMAL   CHLORINE    MAP. 

Having  drawn  a  map  of  this  character  for  any  coast  State,  we  are  then  able 
to  estimate  the  pollution  in  any  natural  water  by  the  amount  of  chlorine  present 
over  the  normal.  In  some  instances  it  is  first  necessary  to  ascertain  that  the 
chlorine  is  not  from  mineral  sources. 

It  will  be  seen  that  the  normal  chlorine  lines  are  of  great  practical  value, 
both  to  the  chemist  and  to  the  engineer,  as  they  give  an  index  from  which  may 
be  estimated  the  sanitary  quality  of  most  waters  analyzed  within  the  coast 
States.  The  chlorine  also  furnishes  information  as  to  the  source  of  deep- 
seated  springs  or  artesian  wells. 

While  this  chlorine  in  the  general  run-off  is  in  direct  proportion  to  the  popu- 
lation on  a  drainage  area,  provided  none  of  the  sewage  is  carried  outside  of  that 
area,  yet  waters  In  this  region  may  have  been  purified  before  reaching  the 
source  from  which  they  are  collected.  The  chlorine  would  still  be  present  and 
it  is  necessary  to  find  from  other  tests  whether  the  pollution  is  present  or  past 

It  will  be  noted  in  Mr.  Jack.son's  discussion  that  the  determination 
of  chlorine  for  the  location  of  isochlors  should  be  made  by  very  pre- 
cise laboratory  methods.  In  fact,  such  precision  should  be  used  in  all 
cases  in  which  it  is  necessary  to  decide  whether  or  not  a  water  in  a 
country  where  normal  chlorine  is  significant  contains  chlorides  in  an 
amount  w^hich  corresponds  to  or  approximates  a  normal  for  the 
country  from  which  the  water  comes.  In  general  water  surveys, 
however,  it  is  necessary  to  make  such  nice  distinctions  only  in  rare 
cases.  In  the  determination  of  chlorides  in  a  water  which  is  to  be 
used  for  boiler  or  industrial  purposes  this  refinement  is  not  necessary, 
and  field  methods  will  generally  suffice. 

FIELD   DETERMINATION. 
STANDARD  SILTER-NITRATE  TABLETS. 

The  Geological  Survey  proposes  to  use  a  method  for  the  rapid 
determination  of  chlorides  which,  from  numerous  experiments,  seems 
to  meet  the  conditions  in  a  satisfactory  manner.     In  place  of  the 
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standard  solution  of  silver  nitrate,  which  must  be  measured  in  a 
burette  when  applied  to  a  water  under  examination,  there  are  used 
tablets  of  silver  nitrate  containing  a  known  equivalent  of  this  reagent. 
These  tablets  are  packed  in  tubes  and  carried  in  a  leather  case,  the 
details  of  which  are  shown  in  PI.  III.  This  method  of  packing  is 
well  designed  to  avoid  mechanical  agitation  of  the  tablets,  which 
would  result  in  their  loss  of  active  equivalent.  The  tablets  are  held 
securely  in  place  by  the  stoppers,  which  are  sufficiently  small  to  be 
pushed  through  the  lumen  of  the  tube  as  fast  as  the  tablets  are  used. 
This  maintains  a  constant  pressure  against  the  tablets  and  prevents 
their  agitation. 

The  manufacture  of  stable  silver-nitrate  tablets  proved  to  be 
somewhat  difficult.  A  number  of  pharmaceutical  experts  who  were 
engaged  at  various  times  to  prepare  them  failed  to  produce  a  tablet 
which  was  reasonably  stable.  Those  which  are  now  supplied  to  the 
Survey  are  made  by  the  Kremers-Urban  Company,  of  Milwaukee, 
Wis.,  and  are  of  superior  qualit^^ 

In  connection  with  the  determination  of  chlorides  it  is  necessary 
to  carry  into  the  field  only  a  small  bottle  of  potassium-chromate  crys- 
tals or  solution  and  a  heavy  glazed  porcelain  mortar,  together  with  a 
pestle  of  approved  design.  The  tablets  are  dissolved  in  a  measured 
quantity  of  water,  a  small  amount  of  potassium  chromate  having  first 
been  placed  in  the  solution.  The  end  point  is  indicated  by  the  change 
in  color  in  the  usual  way  and  the  number  of  tablets  of  known  equiva- 
lent indicates  the  amount  of  chloride  in  the  water. 

This  method  may  be  objected  to  by  some  chemists  because  it  is 
generally  believed  that  the  results  of  a  chlorine  determination  made 
on  a  water  without  first  evaporating  the  same  are  too  high.  This 
is  apparently  true  with  waters  like  those  of  New  England,  which  con- 
tain only  minute  quantities  of  chlorine,  but  in  the  waters  of  the 
greater  part  of  the  country  the  chlorides  are  so  high  in  amount  that 
the  error  which  arises  from  direct  titration  is  not  large  enough  to  be 
of  significance  in  industrial  work. 

While  the  tablets  may  be  manufactured  to  contain  almost  any 
reasonable  amount  of  silver  nitrate,  it  has  been  found  that  the  most 
convenient  equivalents  for  general  field  use  are  those  of  approximately 
1  and  10  milligrams  of  chlorine.  In  all  special  cases  the  strength  of 
tablets  should  be  adjusted  to  suit  conditions.  As  it  is  practically 
impossible  to  manufacture  tablets  of  the  exact  equivalent  desired,  it  is 
necessary  to  determine  the  strength  of  each  new  supply  and  to  make 
calculations  of  all  field  results  accordingly. 

The  following  statement  includes  various  tests  of  a  supply  of 
tablets.  Each  tablet  was  made  up  to  contain  an  equivalent  of  as  near 
1  milligram  of  chlorine  as  possible.    The  purposes  of  the  tests  were 
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to  determine  the  variation  in  equivalent  of  single  tablets  and  the 
combined  equivalent  of  tablets  in  sets  of  5  and  10,  the  actual  values 
in  milligrams  of  chlorine  being  determined  by  volumetric  methods. 

Tests  to  determine  variation  in  silver-nitrate  tahletM, 
[Mim^rams.] 


Single  tablets. 

6  tablets 

. 

10  tablets.                  | 

Eqaiva- 
lent  of 
1  tablet. 

Deviation 
from 
mean. 

^.045 
-  .066 
+  .044 
+  .067  1 

1 

6.080          1.012 
6.280  ,        1.046 
6.210          1.042 
6.110          1.022 
6.090          1.018 
6.200          1.040 
6.060          1.016 

6.110  !       1.022 

1 

Deviation 
of  1  tab- 
let from 
mean. 

-0.016 
+  .019 
+  .016 

-  .005 

-  .009 
+  .013 

-  .011 
~  .005 

Equiva- 
lent of  10 
tablets. 

Mean 
equiva- 
lent of  1 

tablet. 

Deviation 
of  1  tab- 
let from 
mean. 

0.96 

.96 

1.049 

1.062 

10.24 
10.16 
10.17 
10.18 

j 

1.024 
1.015 
1.017 
1.016 

+0.0066 

-  .0086 

-  .0016 

-  .0005 

Mean. 

Maximum 
deviation. 

Mean. 

Maximum 
deviation. 

Mean. 

Maximum 
deviation. 

1.006 

-10.067 

6.211 

1.087 

+0.019 

10.186 

1 

1 
1.018       +0.0065 

It  will  be  seen  from  the  above  results  that  the  maximum  variation 
in  the  equivalent  of  single  tablets  is  0.057  milligram  of  chlorine  for 
each  tablet  Therefore,  considering  the  maximum  variation  shown 
in  the  single  tablets  and  allowing,  for  purposes  of  illustration,  that 
the  maximum  error  may  always  be  present  in  a  determination,  it 
would  be  necessary  to  use  18  tablets  in  a  determination  in  order  to 
reach  an  error  equivalent  to  1  milligram  of  chlorine.  The  mean 
value,  however,  of  the  single  tablet  is  thoroughly  representative  of  all 
the  tablets  tested,  the  variations  lying  above  and  below  the  mean  value 
equally.  It  will  be  seen,  further,  that  when  the  tablets  are  used  in 
larger  quantities  and  the  combined  equivalents  of  such  quantities  are 
compared,  the  deviations  from  the  mean  are  considerably  less  and  the 
maximum  deviation  is  practically  negligible.  This  is  shown  espe- 
cially well  in  the  statement  of  the  comparison  of  the  ten  tablets.  It 
is  therefore  apparent  that  the  tablets  do  not  vary  by  an  appreciable 
amount,  and  that  having  established  their  equivalent  by  taking  the 
mean  of  several  determinations,  such  mean  can  be  used  in  connection 
with  the  field  determinations  of  chlorine  in  natural  waters. 
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PBACnCXiL  TESTS  WITH  TIBLET  METHOD. 

Three  chloride  solutions  were  made  up  at  random,  which,  when 
tested  by  precise  methods,  were  found  to  contain  4,280,  12,940,  and 
1,372  parts  of  chlorine  per  million,  respectively.  These  solutions 
were  titrated  with  tablets,  and  the  end  points  reached  in  the  same 
manner  as  that  used  in  the  field.  The  results  are  set  forth  in  the 
following  table : 

Tests  of  silver-nitrate  tablets,  with  solutions  of  known  equivalent. 

SOLUTION  NO.  l.—CHLORINB,  4,280  PARTS  PER  MILLION. 


Volume  of 
Bolutioii. 

Number  of 
toblets. 

Value  of 
tablets. 

Parts  chlo- 
rine, tablet 
method. 

DevUtion 

from  actual 

value. 

Per  cent 
deviation. 

c.  c. 
22 

5 

133.0 
21.0 

1.052 
1.052 

6,350 
4,410 

+2,070 

-f     130 

48.4 

8.04 

5 

21.0 

1.052 

4,410 

+     130 

3.04 

25 

10.4 

10.1 

4,200 

-      80 

1.87 

25 

r        10.0 
I          3.0 

10.1 
1.052 

]       4,160 

-    120 

2.80 

50 

20.8 
f        20.0 

10.1 
10.1 

4,200 

-      80 

1.87 

50 

5.0 
1.0 

1.052 
.481 

4,154 

-     126 

2.44 

15.06 

Mean  deviation   (six  results)— 15.06 -=-6— 2.51  per  cent. 
SOLUTION  NO.  2.— CHLORINE  12,940  PARTS  PER  MILLION. 


26 

32.25 

10.1 

12,510 

-430 

3.82 

26 

32.0 

10.1 

12,480 

--510 

8.94 

15 

r    19.5 
I      1.0 

10.1 
1.052 

}  13,200 

-f260 

2.01 

15 

r     18.5 
I      8.0 

10.1 
1.052 

1  18,020 

-f  80 

.62 

5 

64.0 

1.052 

18,470 

-f530 

4.09 

13.98 

Mean  deviation»»  13.98 -r  5— 2.80  per  cent. 
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Tests  of  silver-nitrate  tablets,  with  solutions  of  known  equivalent — Continued. 
SOLUTION  NO.  3.— CHLORINE  1,372  PARTS  PER  MILLION. 


Mean  devIation«=12.27-i- 5=2.45  per  cent. 

The  first  result  in  the  table  above  set  forth  is  so  radically  wrong 
that  it  is  inserted  to  illustrate  a  condition  which  must  always  be 
avoided  when  this  method  is  employed,  viz,  the  use  of  a  large  number 
of  tablets.  It  will  be  noted  that  a  considerable  amount  of  strong 
chloride  solution  was  used  with  tablets  of  low  equivalent,  i.  e.,  1.052 
milligrams  of  chlorine.  This  made  it  necassary  to  use  133  tablets  to 
reach  the  end  point,  with  a  result  that  is  absurd.  But  25  and  50 
cubic  centimeters  of  the  same  solution  are  titrated  with  the  tablets 
with  only  a  small  error  when  the  tablets  of  larger  equivalent,  10.1 
milligrams  of  chlorine,  are  used.  On  the  whole,  the  results  shown  in 
the  above  table  are  very  satisfactory,  the  error  involved  in  the  deter- 
minations averaging  about  2.5  to  3  per  cent,  which  is  well  within  the 
limits  of  field  work.  Indeed,  when  the  method  was  designed  it  was 
believed  that  an  error  of  5  per  cent  would  be  as  small  as  could  be 
expected. 

A  very  simple  way  of  testing  for  small  amounts  of  chlorine  is 
afforded  by  cutting  tablets  into  quarters  with  a  jackknife.  Only 
ordinary  care  need  be  used  and  the  quarters  may  then  be  taken  for 
analysis  without  extreme  regard  to  the  selection  of  large  or  small 
pieces.  The  following  account  of  some  experiments  performed  is 
submitted : 

No.  1.  Twenty  tablets  were  cut  into  quarters.  Each  quarter  should 
precipitate  0.25  milligram  of  CI.  To  100  cubic  centimeters  of  water 
(blank  =  0.13  cubic  centimeter)   1  cubic  centimeter  of  NaCl  was 
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added,  making  the  actual  value  of  the  water  =  1.13  milligrams  CI. 
Four  quarters  gave  no  end  reaction,  but  five  quarters  did.  This 
experiment  was  done  fifteen  times  with  the  same  results.  One  and 
one- fourth  tablets  are  equivalent  to  1.25  milligrams  CI. 

No.  2.  Twenty  more  tablets  were  cut  up  and  added  as  above,  except 
that  1.1  cubic  centimeters  of  NaCl  were  used,  making  the  value  of 
water=1.23  milligrams  CI  (blank+0.13  cubic  centimeter).  Five 
quarters  used  in  eight  out  of  twelve  titrations.  This  shows  a  varia- 
tion in  quartering  of  possibly  an  equivalent  of  0.02  milligram  CI,  or 
0.2  part  per  million,  an  insignificant  amount. 

No.  3.  Next  1  cubic  centimeter  of  NaCl  was  used  (=1.13  milli- 
grams CI).  One  whole  tablet  gave  no  end  reaction,  but  one  whole 
tablet+one  quarter  tablet  gave  a  reaction  in  every  case. 

No.  4.  The  same  was  done  with  0.9  cubic  centimeter  NaCl  (  =  1.03 
milligrams  CI) .    One  tablet,  no  end  reaction ;  1 J  tablets,  end  reaction. 

No.  5.  The  same,  using  1.2  cubic  centimeters  NaCl  (  =  1.33  milli- 
grams CI).  One  tablet,  no  end  reaction,=  l  milligram  CI;  IJ  tab- 
lets, no  end  reaction,=  1.25  milligrams  CI;  1^  tablets  gave  end  reac- 
tion,=  1.50  milligrams  CI. 

Nos.  3,  4,  and  5  were  each  done  ten  times. 

The  value  of  these  results  and  their  accuracy  are  shown  below : 


No. 

Mflllgrams  chlorine. 

Actual  con- 
tent. 

1.18 

Found  by  titration. 

1 

1.25 

2 

1.23 

8  show  1.25 
4  show  1 .  50 

3 

1.13 

1.25 

4 

1.03 

1.25 

5 

1.83 

1.50 

This  method  comes  within  0.25  milligram  of  the  amount  of  chlo- 
rine present,  or  within  2.5  parts  per  million  of  chlorine.  This  pro- 
cedure is  recommended.  If  only  ordinary  care  be  used  in  cutting 
tablets,  their  value  will  be  within  1  part  in  a  million. 

E8T1HATI0N  OF  CHLOBINE. 

A  known  amount  (about  50  c.  c.)  of  the  water  to  be  tested  is  meas- 
ured into  a  glazed  porcelain  mortar  (4  inches  diameter)  and  5  drops 
of  potassium  chromate  (5  per  cent  solution)  added. 

One  silver-nitrate  tablet  is  then  cut  into  quarters,  using  ordinary 
care  to  get  the  quarters  equal.    Whole  tablets  are  added  to  the  water 
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till  near  the  end  point,  when  quarter  tablets  are  used.  The  end  point 
is  the  appearance  of  the  red  color  of  silver  chromate. 

-^—y-T —  =milligrams  per  liter  of  chlorine,  when  W=cubic  ceu- 

timeters  of  w  ater  used,  n  =  number  of  tablets  used,  and  A  =  value 
of  one  tablet  in  milligrams  of  chlorine.  Proper  allowance  should  be 
finally  made  for  the  amount  of  silver  nitrate  consumed  in  the  end 
reaction. 

Each  tube  of  AgNOj  tablets  is  marked  with  its  equivalent  of 
chlorine. 

Note. — Silver-nitrate  tablets  should  not  be  bandied  with  the  fingers  nor 
exposed  to  sunlight.     Keep  all  tubes  well  stoppered. 

HARDNESS. 
GENERAL    STATEMENT. 

A  hard  water  is  popularly  recognized  as  a  water  with  which  it  is 
difficult  to  obtain  a  soap  lather.  Strictly  defined,  it  is  that  property 
imparted  to  water  by  the  carbonates,  sulphatas,  chlorides,  and  nitrates 
of  calcium  and  magnesium.  Chemical  methods  for  the  determina- 
tion of  hardness  are  not  yet  well  defined ;  in  fact,  the  whole  subject 
is  somewhat  chaotic.  A  method  which  may  be  satisfactory  for  the 
waters  of  one  part  of  the  United  States  may  be  of  little  value  for 
those  of  another.  Consequently  there  has  developed  a  rude  geo- 
graphic distribution  of  methods,  each  being  adapted  to  the  peculiari- 
ties of  the  waters  in  the  regions  in  which  they  are  used.  The  result 
is  that  comparisons  between  hardness  determinations  made  in  differ- 
ent regions  are  somewhat  uncertain  and  nearly  always  unsatisfactory. 

The  effect  of  hard  water  upon  the  lathering  properties  of  sodium 
soap — that  is,  the  soap  used  for  laundry  and  toilet  purposes — ^has 
been  made  use  of  in  determining  hardness.  Indeed,  the  soap  test 
was  the  earliest  and  is  still  the  commonCvSt  of  all  those  employed  for 
this  purpose.  A  standard  solution  of  a  pure  soap,  usually  a  high- 
grade  castile,  is  standardized  against  a  solution  of  calcium  chloride, 
the  equivalent  of  which  has  been  determined  in  terms  of  calcium  car- 
bonate. The  details  of  this  process  are  too  familiar  to  warrant  fur- 
ther description.  Practically,  the  principal  weakness  of  the  test  is 
the  determination  of  the  end  point,  which  is  not  sharply  defined. 
The  sodium  salts  of  oleic,  palmitic,  and  stearic  acids  which  compose  a 
pure  soap  are  definite  chemical  compounds,  and  their  transformation 
into  calcium  and  magnesium  soaps  should  follow  the  usual  course  of 
chemical  change,  and  therefore  the  soap  test  is  not  merely  a  test  of  the 
soap-consuming  power  of  water,  as  maintained  by  some  chemists. 

In  practice  the  soap  test  is  limited  in  its  usefulness,  and  its  results 
are  modified  by  many  conditions.  A  few  authoritias  who  have 
made  minute  studies  of  the  soap  method  are  impressed  with  its  pos- 
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sibilities,  but  the  modifications  which  they  suggest  are  somewhat  cum- 
bersome, involve  superrefinements,  and  in  the  end  require  so  much 
time  that  the  importance  of  the  results  is  not  commensurate.  In 
those  parts  of  the  country  where  soft  waters  abound  and  where  it  is 
known  that  magnesium  salts  are  not  abundant  the  test  has  great 
value.  Its  usefulness  is  limited  in  the  waters  of  the  Mississippi 
basin,  and  it  fails  entirely  when  applied  to  western  waters. 

FIELD  METHOD. 
USE  OF  SODIIH-OLEATE  TABLETS. 

The  soap  test  has  been  modified  for  field  use  by  the  substitution  of 
tablets  of  pure  sodium  oleate  for  the  soap  solution.  Sodium  oleate 
can  be  obtained  in  pure  form  and  readily  divided  in  tablets,  each  con- 
taining a  known  amount  of  the  reagent.  The  tablets  used  by  the 
Geological  Survey  in  field  work  are  made  by  the  Kremers-Urban 
Company,  of  Milwaukee,  Wis.  They  are  of  three  grades,  "  full," 
^'  half,-'  and  "  quarter,"  or,  as  they  are  usually  denoted,  "'  F,"  "  H," 
and  "  Q,"  according  to  their  content  of  10,  5,  or  2.5  milligrams  of 
sodium  oleate,  respectively. 

In  using  these  tablets,  100  cubic  centimeters  of  the  water  to  be 
tested  are  placed  in  a  specially  designed  bottle  (Emil  Greiner) 
having  a  heavy  semispherical  bottom.  Tablets  are  then  added  one  at 
a  time  and  dissolved  in  the  water.  This  process  is  greatly  hastened 
by  trituration  of  the  tablets  in  the  bottle  with  a  blunt  glass  rod. 
After  each  tablet  is  dissolved  the  bottle  should  be  shaken  and  laid 
upon  its  side,  and  the  determination  conducted  in  precisely  the  same 
manner  as  that  prescribed  in  the  case  of  the  soap  solution.  From 
the  number  of  tablets  used  and  their  equivalent  the  hardness  may  be 
determined. 

The  facility  with  which  this  determination  may  be  carried  on  is 
largely  determined  by  practice.  When  first  attempted  it  seems  awk- 
ward, but  after  a  few  trials  the  operator  finds  that  it  can  be  readily 
fierformed.  The  proper  way  is  to  start  with  the  F  tablets  until  near 
the  end  point,  then  apply  the  H,  and  finally  the  Q  tablets.  This  of 
course  may  become  a  method  of  "  trial  and  error,"  but  the  skilled  field 
man  will  seldom  add  tablets  beyond  the  end  point.  The  api>earance 
of  the  lather  at  various  stages  is  characteristic  and  affords  a  guide  for 
the  operator.  In  order  to  show  certain  characteristic  features  in  the 
tablet  method  for  the  hardness  determination  the  following  results 
of  a  test  made  of  a  supply  of  tablets  are  set  forth  : 

TEST  OF  80DIi'H-0LEATE  TABLETS. 

For  a  standard  of  hardness,  0.2  gram  of  Iceland  spar  was  dissolved 
in  HCl,  evaporated  to  dryness  three  times  in  HCl  and  twice  with 
water.     FinaUy  the  residue  was  dissolved  and  diluted  to  one  liter 
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with  redistilled  water.     Five  cubic  centimeters  of  this  solution  of 
CaClj  is  equivalent  to  1  milligram  CaCOg. 

The  tablets  used  in  the  work  are  of  three  equivalents,  and  are 
designated  as  follows: 

One  F  tablet  contains  an  approximate  equivalent  of  0.0014  gram  calcium 
carbonate. 

One  H  tablet  contains  an  approximate  equivalent  of  0.0007  gram  calcium 
carbonate. 

One  Q  tablet  contains  an  approximate  equivalent  of  0.0003  gram  calcium 
carbonate. 

The  first  test  was  to  determine  the  amount  of  sodium-oleate  tablet 
reacted  with  100  cubic  centimeters  distilled  water.  In  the  follow- 
ing tabulated  statement  the  sign  +  denotes  a  permanent  foam  or 
satisfactory  end  point,  while  —  denotes  no  end  point. 

Standardization  of   sodium-oleate   tablets   against   100  cubic  centimeters   dis- 
tilled water. 


P. 

I- 
+ 


H. 


-I- 
-f 
-f 

4- 


Q 


aQ. 

3Q 
2. 

H.« 

-f 

— 

-h 

+ 

— 

+ 

-h 

- 

-h 

-f 

— 

-h 

-h 

- 

-f 

Results  in  the  above  series  of  experiments  indicate  that  100  cubic 
centimeters  distilled  water  requires  about  0.005  grams  of  sodium 
oleate. 

To  reduce  this  to  terms  of  calcium  carbonate  experiments  were 
made  with  100  cubic  centimeters  distilled  water  containing  varying 
amounts  of  calcium  chloride.  It  was  found  by  repeated  trial  that 
where  two  H  tablets  w^ere  used  it  required  »3.2  cubic  centimeters  of  the 
CaCL  solution  in  100  cubic  centimeters  of  distilled  water  to  react 
exactly.  Consequently,  as  the  100  cubic  centimeters  distilled  water 
required  one  H  tablet,  the  remaining  H  tablet  was  equivalent  to  the 
CaCU.  Therefore  the  distilled  water  is  equivalent  in  the  soap  reaction 
to  3.2  cubic  centimeters  of  CaClj,  or  0.64  milligram  CaCOg. 

The  first  experiments  in  standardizing  the  tablets  were  made  with 
the  standard  CaClg  solution  diluted  with  100  cubic  centimeters  dis- 
tilled water  against  one  F  tablet,  with  results  as  follows: 
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CaCl^  against 
1 F  toblet. 

Reeult. 

c.c. 

3.0 

Foam. 

3.5 

Foam. 

8.6.. 

Foam. 

3.7 

Foam. 

3.7 

Foam. 

3.7 

Foam. 

3.7 

Foam. 

3.8 

No  foam. 

3.8-    .. 

No  foam. 

4.0 

No  foam. 

From  the  above  it  appears  that  one  F  tablet  is  equivalent  to  3.7 
cubic  centimeters  CaCla  solution  with  100  cubic  centimeters  distilled 
water,  or  actually  equivalent  to  0.9  cubic  centimeters  (3.7+»3.2  cubic 
centimeters),  which  expressed  in  terms  of  CaCOa  is  equal  to  1.38 
milligrams. 

Using  seven  F  tablets  in  100  cubic  centimeters  distilled  water  against 
different  amounts  of  the  CaCla  solution  the  following  results  were 
reported : 


CaClc  against 
7  P  tablets. 

Result. 

c.  c. 
41.7 
41.5 
42.5 
44.9 
45.0 
45.9 
46.0 

Foam. 
Foam. 
Foam. 
Foam. 
Foam. 
No  foam. 

No  foam. 

1 

From  the  above  results  it  appears  that  the  end  point  is  practically 
reached  with  45  cubic  centimeters  CaClg  solution.  With  the  amount 
for  100  cubic  centimeters  distilled  water  added,  seven  tablets  are 
therefore  equivalent  to  48.2  cubic  centimeters  CaCL,  or  9.0)4  milli- 
grams CaCOj.  This  allows  for  one  tablet  an  equivalent  of  1.37 
milligrams  CaCOa,  which  agrees  with  the  previous  determinations 
within  the  limit  of  experimental  error. 
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Experiments  were  made  with  various  combinations  of  tablets  as 
follows : 


CaCl*. 

c.  c. 
8.2 

Tablets  (number 
and  value). 

Result. 

4Q 

No  foam. 

3.2 

5Q 

Foam. 

3.0 

5Q 

Foam. 

3.0 

5Q 

Foam. 

2.8 

4Q 

Foam. 

2.9 

4Q 

Foam. 

45.0 

7F 

Foam. 

45.9 

7F 

No  foam. 

45.9 

7FH-1Q 

Foam. 

45.0 

14  H 

No  foam. 

45.0 

15  H 

Foam. 

45.0 

6F  +  2H 

Foam. 

45.0 

6F  +  2H 

Foam. 

Analyzing  the  results  above  given  we  have: 

1. 


Caa^+lOOc.  c. 

dfHtilled 

water. 

Tablets 

(number  and 

value). 

Result. 

c.  c. 

3.2 

4Q 

No  foam. 

3.2 

5Q 

Foam. 

3.0 

5Q 

Foam. 

2.8 

4Q 

Foam. 

2.9 

4Q 

Foam. 

Therefore  four  Q  tablets  are  equivalent  to  an  amoimt  of  CaCO, 

lying  between  1.28  milligrams  and  1.22  milligrams,  or  one  Q  tablet  to 

an  amount  lying  between  0.82  and  0.30.     Using  either  as  the  value, 

the  error  will  not  be  significant.    0.31  milligram  is  probably  the  most 

accurate  factor. 

2. 


OiCJU+lOOcc. 
distilled 
water. 

Tablets 

(number  and 

value). 

Result. 

c.  c. 
45.0 
45.9 
45.9 

7F 

7F 

7F+1Q 

Foam. 
No  foam. 
Foam. 
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Therefore  seven  F  tablets  are  equivalent  to  an  amount  of  CaCOj 
lying  between  9.82  and  9.64  milligrams,  or  one  tablet  to  an  amount 
lying  between    1.40   and    1.38   milligrams.    The   error   introduced 

if  either  1.40  or  1.38  is  used  as  a  factor  will  be  less  than  ^  and 

therefore  insignificant. 

3. 


OftCLflOOc.  c. 
distiUed 
water. 

Tablets 

(number  and 

value). 

Result. 

c.  c. 
45 
45 
45 

14  H 

15  H 
6F-h2H 

No  foam. 

Foam. 

Foam. 

Therefore  the  equivalent  of  9.64  milligrams  CaCOg  lies  between  the 
value  of  14  and  15  H  tablets,  or  one  tablet  is  equivalent  to  an  amount 
of  CaCOj  between  0.69  and  0.64  milligram.  But  from  the  third 
experiment  it  is  seen  that  two  H  tablets  are  equivalent  to  1.36  milli- 
grams (9.64— [6X1.38]),  or  one  tablet  to  0.68  milligram. 

ESTIMATION  OF  HABDNESS. 

The  directions  for  using  these  tablets  should  be  followed  absolutely. 
The  end-point  foam  should  be  permanent  for  at  least  five  minutes, 
the  bottle  lying  upon  its  side.  The  smallest  number  of  tablets  possi- 
ble should  be  used;  for  example,  if  the  hardness  of  a  water  is  120 
parts  per  million  on  direct  titration  without  correction,  the  best 
procedure  assuming  the  given  value  of  the  tablets  used  would  be  as 
follows : 

Milligrams  CaCO,. 

8  F  tablets  equivalent  to 11.04 

1  H  tablet  equivalent  to .  tj8 

1  Q  tablet  equivalent  to .  31 

Total 12.  03 

Subtracting  0.64  mniigram  CaCOa  for  distilled  water .64 

Hardness  expressed  by  tablets 11.39 

Or  in  parts  per  million 113.  9 

In  this  case  the  error  would  be  equivalent  to  0.03  milligrams  CaCOg, 
an  amount  unimportant  in  practical  work. 

The  end  point  can  be  approached  in  the  manner  above  described 
after  the  operator  has  had  a  short  experience  with  the  method.  The 
comparative  permanence  of  the  preliminary  foam*  pellicles  which  do 
not  remain  unbroken  for  the  entire  five  minutes  is  a  guide. 
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HARDENING   CONSTITUENTS. 

CLA88E8. 

It  is  customary  to  distinguish  between  temporary  and  permanent 
hardness.  Temporary  hardness  is  due  to  the  carbonates  (and  bicar- 
bonates)  of  calcium  and  magnesium.  Calcium  and  magnesium  car- 
bonates are  not  readily  soluble  in  water  unless  accompanied  by  carbon 
dioxide.  ITnder  such  circumstances  it  is  supposed  that  the  carbonate 
become  bicarbonates,  although  the  bicarbonates  of  these  two  elements 
have  never  been  isolated.  ^Mien  waters  containing  calcium  and  mag- 
nesium bicarbonates  are  boiled  the  carbon  dioxide  is  driven  off  and  the 
normal  carbonates  of  calcium  and  magnesium  are  precipitated. 
Therefore,  the  properties  which  they  impart  to  the  water  are  desig- 
nated temporary  hardness.  Permanent  hardness,  on  the  other  hand, 
is  that  property  which  is  imparted  to  waters  by  the  sulphates,  chlor- 
ides, and  nitrates  of  the  alkali  earths.  They  are  not  precipitated  by 
ordinary  boiling,  and  therefore  their  effects  are  regarded  as  perma- 
nent. The  usual  method  of  determining  temporary  and  permanent 
hardness  by  the  soap  test  consists  in  making  the  test  on  a  sample  of 
water  before  boiling,  and  another  on  a  similar  sample  after  boiling; 
the  difference  in  the  two  results  representing  the  temporary  hardness. 

Temporary  and  permanent  hardness  are  often  expressed  as  alka- 
linity and  incrusting  constituents,  respectively,  and  it  is  common  to 
see,  even  in  analytical  reports  of  well-informed  chemists,  the  ex- 
pression "  alkalinity  or  temporary  hardness."  This  expression  is 
misleading.  It  is  approximately  correct  when  the  waters  of  New 
England  and  certain  other  portions  of  the  country  are  referred  to, 
but  as  a  general  statement  concerning  the  majority  of  waters  nothing 
could  l)e  more  inaccurate.  There  are  abundant  instances  in  which 
waters  are  alkaline  to  an  extraordinary  degree,  and  yet  are  widely 
known  as  soft  waters,  giving  little  or  no  reaction  with  the  soap  test 
The  alkalinity  in  such  cases  is  due  to  the  carbonates  of  sodium  and 
potassium,  which,  while  they  impart  a  truly  alkaline  reaction,  have  no 
hardening  effect.  The  majority  of  the  waters  of  the  United  States 
contain  alkali  carbonates,  and  therefore  any  interpretation  of  alka- 
linity as  being  equivalent  to  temporary  hardness  with  such  waters  is 
erroneous. 

If  the  alkalinity  found  in  a  water  is  the  result  of  the  carbonates 
of  the  alkali-earth  elements,  its  industrial  significance  is  consider- 
ably different  from  that  of  the  carbonates  of  the  alkalies.  For  ex- 
ample, calcium  carbonate  forms  soft  scale  when  used  in  boilers, 
while  sodium  carbonate  forms  no  scale,  but  presents  a  much  less 
important 'difficulty,  that  of  foaming.  If,  however,  a  water  con- 
taining calcium  carbonate   were   used   for  irrigation  purposes,  it 
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would  not  damage  crops  unless  it  were  present  in  extremely  high 
proportions — ^higher,  in  fact,  than  it  is  almost  ever  found  in  nature. 
On  the  other  hand,  a  small  amount  of  sodium  carbonate  is  destruc- 
tive to  crops.  It  is  as  desirable  to  know  whether  the  sulphates  and 
chlorides  which  are  found  in  the  water  are  of  the  alkali  earths  or 
the  alkalies,  for  they  present  variations  in  usefulness  with  reference 
to  industries  similar  to  those  above  described  in  the  case  of  the  car- 
bonates. 

It  has  been  the  endeavor  of  the  Geological  Survey  to  so  modify 
the  methods  by  which  the  various  determinations  of  the  hardening 
constituents  of  water  may  be  made  that  they  can  be  used  in  the  field. 
These  methods  are  set  forth  in  subsequent  pages.  They  do  not  in- 
clude all  of  the  determinations  desirable  for  some  classes  of  work,  but 
sufficient  to  allow  of  a  very  comprehensive  interpretation  concerning 
the  quality  of  any  water  under  investigation. 

VABBONATEN. 

The  determination  of  alkalinity  or  carbonates  is  a  simple  volu* 
metric  process.  It  requires  only  a  standard  solution  of  an  acid, 
preferably  a  mineral  acid,  with  accurate  means  for  measuring  the 
same,  and  a  proper  indicator  solution.  On  account  of  the  carbon 
dioxide  set  free  by  the  determination,  methyl  orange  is  the  indicator 
in  conmionest  use.  The  objections  already  cited  to  carrying  standard 
solutions  and  burettes  in  the  field  led  to  an  attempt  to  adopt  an 
acid  which  could  be  preserved  in  tablet  form.  Many  organic  acids 
were  tried,  but  is  was  found  that  they  were  either  too  weak  to 
afford  a  definite  end  point  or  were  of  so  deliquescent  a  character 
that  they  could  not  be  made  to  form  stable  tablets.  It  was  finally 
decided  to  adopt  the  use  of  sodium  acid  sulphate.  Tablets  made 
from  this  reagent  are  easily  regulated  in  equivalent  and  are  of  an 
extremely  stable  nature.  The  results  which  can  be  procured  through 
their  use  are  very  satisfactory. 

TESTS  OF  SODIUM   ACID-SULPHATE  TABLETS. 

For  use  in  titrating  against  sodium  acid-sulphate  tablets  a  fiftieth 
normal  solution  of  sodium  carbonate  was  made,  in  which  each  cubic 
centimeter  equals  1.06  milligram  NaCOg.  Six  sets  of  five  sodium  acid- 
sulphate  tablets  each  were  then  dissolved  in  50  cubic  centimeters  of 
distilled  water  and  each  solution  was  titrated  with  the  standard 
sodium  carbonate.  The  results  .of  these  titrations  are  shown  in  the 
following  table :  ^ 
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NaHSO*. 

NiuC()3. 

Value  of  i  tablet.  , 

r.  r. 

c.  c. 

,          MgCaCOt. 

10.60 

2.15 

2.08 

10. 15 

2.05 

1            2.02 

10.  H5 

2.20 

!            2.08 

10. 80 

2.10 

1            2.04 

10.10 

2.05 

2.03 

10.10 

2.05 

2.03 

Assuming  these  final  reactions, 

NagCOg  +  L>NaII804  =  2Na2S04  +  HjO  +  CO2, 

and  CaCOg  +  2NaHS04  =  CaSO^  +  HgO  +  COj  +  Na2S04, 

then  for  the  expression  of  the  value  of  our  tablet  in  milligrams  of 
CaCOg  we  have  the  following  proportion : 


NagCOg 
CaCO<, 


106 
100- 


The  experiments  above  described  were  made  with  solutions  of  the 
acid-sulphate  tablets,  and  the  results  show  the  constancy  of  the  reac- 
tion between  the  normal  carbonate  and  the  sulphate.  They  do  not 
show,  however,  the  variations  which  would  occur  in  the  practical 
use  of  the  tablets  applied  directly  to  the  alkaline  solution,  as  would 
be  done  in  the  field.  Therefore  the  following  tests  are  submitted  to 
show  the  deviations  which  may  arise  in  successive  tablets  or  succes- 
sive sets  of  tablets.  The  tablets  used  were  marked  ''  Lot  715,  sodium 
acid-sulphate  equivalent  to  1.995  milligrams  calcium  carbonate." 
The.se  tablets  had  Ix^n  in  stock  for  several  months,  had  received  some 
rough  handling,  and  were  in  poor  condition.  In  fact,  they  repre- 
s(»nted  the  most  unfavorable  conditions  that  might  be  supposed  to 
occur  in  connecticm  with  the  field  us(»  of  tablets,  and  the  variations 
which  are  shown  may  be  accepted  as  the  extreme  variations  which 
are  likely  to  occur  in  common  use. 

In  testing  and  standardizing  the  sodium  acid-sulphate  tablets  nor- 
mal solutions  of  sulphuric  acid  and  sodium  carbonate  w^ere  used. 
Tests  were  made  as  follows : 

Solutions  of  unknown  strength  of  sodium  carbonate  were  made  up. 
and  the  alkalinity  was  determined  volumetrically  with  standard  sul- 
phuric acid  solution.  Following  this,  determinations  of  the  same 
unknown  solutions  were  made  with  the  tablets.  Varying  amounts 
of  the  solution  were  used,  with  a  corresponding  variation  in  the  num- 
ber of  tablets. 
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Comparative  determinations  of  alkalinity  in  carbonate  solutions  tcith  standard 
sulphuric-acid  and  sodium  acid-sulphate  tablets. 

CARBONATE    SOLUTION    NO.    1.— ALKALINITY,    5,764    PARTS    PER    MILLION    IN 
TERMS  OF  CALCIUM  CARBONATE. 


Amonnt  of 
solution. 

Number  of 
tablets. 

Parts  per 
million. 

Deviation 

in  parts  per 

million. 

Per  cent  de- 
viation. 

c.c. 

1.9 

5 

5,225 

-539 

9.3 

8.5 

10 

5,674 

-  90 

1.56 

7.0 

20 

5,674 

-  90 

1.56 

11.0 
10.5 

82 
80 

}        5,726 

-  88 

.66 

17.5 

•   50 

5,674 

-  90 

1.56 

46.5 

185 

5,767 

+    8 

.05 

CARBONATE    SOLUTION    NO.    2.— ALKALINITY.    2,312    PARTS    PER    MILLION    IN 
TERMS  OF  CALCIUM  CARBONATE. 


4.5 

5 

2,207 

-105 

4.55 

10.0 

12 

2,888 

+  71 

3.1 

15.0 

18 

21.0 

25 

2,884 

+  72 

8.1 

19.0 

28 

25.5 
•  25.0 

80 
80 

}        2,859 

+  47 

2.0 

51.0 
50.5 

60 
59 

1        2,828 

-f  14 

.61 

The  figures  of  the  above  tables  show  that  when  a  large  number 
of  tablets  are  used  to  determine  alkalinity  the  results  are  more 
nearly  correct  than  when  a  few  are  used.  This  is  especially  notice- 
able in  the  first  entries  in  the  two  tables,  where  the  small  amount 
of  the  alkaline  solution  used  requires  only  five  tablets.  The  error 
in  each  of  these  cases  is  larger  than  is  permissible  even  in  field 
work.  In  the  remainder  of  the  tests,  however,  the  variation  is  not 
sufficiently  great  to  be  appreciable,  especially  in  the  weaker  car- 
bonate solutions,  where  it  is  shown  that  the  use  of  a  larger  number 
of  tablets  involves  a  minimum  error.  This  suggests  that  in  con- 
nection with  the  field  determination  of  carbonates  it  is  advisable, 
wherever  waters  of  a  low  alkalinity  are  tested,  to  use  a  large  amount 
of  the  water  in  order  that  a  large  number  of  tablets  can  be  used  to 
neutralize  the  alkalinity,  and  thereby  avoid  the  error  arising  from 
the  variation  which  occurs  in  the  single  tablets. 
IKK  151—05 5 
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ESTIMATION   OF  ALKALINITY. 

Measure  100  cubic  centimeters  of  water  to  be  tested  into  a  glazed 
porcelain  mortar  (4  inches  diameter).  Add  two  drops  methyl- 
orange  indicator.  Add  NaHS04  tablets  till  an  acid  reaction  is 
reached.  Then  add  some  of  the  original  water  that  is  being  tested, 
drop  by  drop,  till  an  alkaline  reaction  is  exactly  reached.  Measure 
the  liquid  in  the  mortar  and  to  the  amount  of  the  reading  add  1  cubic 
centimeter  for  the  wetted  interior  of  the  dish.  The  following  for-^ 
mula  is  convenient  for  use  in  making  calculations  of  alkalinity : 

1,000  n  A 

=ry equals  milligram  per  liter  of  CaCOg. 

When  W  equals  cubic  centimeter  of  water  used; 
n  equals  number  tablets  used; 
A  equals  value  of  1  tablet  in  milligrams  of.CaCOa- 
Each  consignment  of  tablets  is  marked  with  its  value  in  equivalent 
of  CaCOg. 

NORMAL   AND   ACID   CABBONATES. 

It  is  nearly  always  of  value  to  determine  the  proportion  of  normal 
and  acid  carbonates  in  a  water,  for  it  affords  a  fairly  good  index  to 
the  character  of  the  base  with  which  the  carbon  dioxide  is  united. 
It  is  a  generally  accepted  idea  that  the  carbonates  of  the  alkaline- 
earth  metals  are,  when  in  solution  in  water,  in  the  form  of  bicarbon- 
ates.  For  the  general  purposes  of  field  work  it  may  be  considered 
that  all  bicarbonates  occurring  in  natural  waters  are  alkaline-earth 
carbonates  and  may  conveniently  be  calculated  as  CaCO,.  All 
normal  carbonates,  on  the  other  hand,  must  be  alkali  carbonates, 
conveniently  calculated  as  Na^COa.  This  generalization  is  not 
uniformly  true,  especially  in  certain  classes  of  western  waters.  It  has 
been  plainly  shown,  by  the  work  of  Messrs.  Frank  K.  Cameron  and 
Lyman  J.  Briggs,  of  the  Bureau  of  Soils,  United  States  Department 
of  Agriculture,  that  there  is  considerable  complexity  in  the  occur- 
rence and  equilibrium  of  carbonates  and  bicarbonates  in  waters. 
There  are,  however,  few  practical  water  problems  occurring  outside 
of  the  alkali-desert  regions  in  which  the  interpretation  of  bicarbon- 
ates as  alkaline-earth  carbonates  and  normal  carbonates  as  alkali 
carbonates  would  lead  to  erroneous  results.  The  field  men  of  the 
United  States  Geological  Survey  are  therefore  instructed  to  report 
bicarbonates  as  CaCOg  and  normal  carbonates  as  NagCO,,  in  the 
absence  of  data  which  will  allow  of  other  interpretations. 

The  method  of  determining  carbonates  and  bicarbonates  in  aqueous 
solution  is  discussed  by  Mr.  Frank  K.  Cameron,  chemist  of  the  Bureau 
of  Soils,  in  Bulletin  No.  18  of  the  United  States  Department  of  Agri- 
culture, Bureau  of  Soils,  pages  77-89.    The  method  depends  upon  the 
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fact  that  while  phenolphthalehx  reacts  with  the  normal  carbonates  of 
the  alkali  and  alkaline-earth  metals  and  not  with  the  bicarbonates, 
methyl  orange  reacts  with  either.  The  water  under  investigation 
is  titrated  with  a  standard  solution  of  potassium  acid  sulphate, 
using  phenolphthalein  as  an  indicator,  the  first  end  point  being  the 
complete  disappearance  of  the  red  color.  Methyl  orange  is  then 
added  to  the  solution,  and  the  titration  is  continued  with  the  same 
standard  until  a  pink  acid  reaction  is  obtained.  The  amount  of 
standard  solution  used  to  reach  the  first  end  point  is  a  measure  of 
the  amount  of  normal  carbonates,  while  the  total  amount  used  in 
securing  both  end  points,  less  twice  that  for  the  first  end  point,  is  a 
measure  of  the  bicarbonates. 

I  The  reaction  taking  place  before  and  up  to  the  total  neutraliza- 
tion of  the  phenolphthalein  is  a  conversion  of  carbonates  into  bicar- 
bonates and  can  probably  be  expressed  as  follows : 

2KHSO,+2Na2C03=Na2SO,+K2S04+2NaHC03 
or 

2KHSO,+2MgC03=MgSO,+K2SO,+Mg(HC03)2. 

The  neutralization  of  bicarbonates  probably  takes  place  in  this 
manner : 

2KHSO,+2NaHC03=Na2S64+K2SO,+2H20+2C02 
or 

2KHSO,+Mg(HC03)2=MgSO,+K2SO,+2H,0+2C02. 

It  is  evident  that  when  the  end  point  with  phenolphthalein  has 
been  reached  there  remains  as- a  product  of  the  first  reaction,  in  addi- 
tion to  the  bicarbonates  originally  present,  an  amount  of  bicarbon- 
ates equal  in  reacting  power  to  the  reaction  shown  by  the  phe- 
nolphthalein. In  other  words,  double  the  amount  of  potassium  acid 
sulphate  required  to  convert  the  carbonates  to  bicarbonates,  and  so 
destroy  the  color  of  the  phenolphthalein,  is  necessary  to  completely 
neutralize  the  normal  carbonates  as  indicated  by  methyl  orange. 
This  must  be  taken  into  consideration  in  computing  the  results  from 
the  titration. 

Inasmuch  as  the  reactions  taking  place  when  sodium  acid  sulphate 
is  used  must  be  similar  to  those  with  the  use  of  potassium  acid  sul- 
phate, there  is  no  reason  to  believe  that  the  tablets  now  in  use  in  this 
division  may  not  be  substituted  for  the  standard  solution  suggested  by 
Mr.  Cameron.  Experiments  have  been  made  to  determine  the  accu- 
racy of  the  results  obtainable  and  are  discussed  in  the  following 
paragraphs. 

An  unknown  amount  of  thoroughly  fused  Kahlbaum's  sodium 
bicarbonate  was  dissolved  in  distilled  water  that  had  previously  been 
boiled  to  drive  out  carbonic  acid.    Twenty-five  cubic  centimeters  of 
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this  solution,  which  should  contain  only  sodium  carbonate,  was  tested 
by  adding  phenolphthalein,  triturating  and  dissolving  standard  tab- 
lets of  sodium  acid  sulphate  till  decolorized,  adding  methyl  orange, 
and  continuing  the  trituration  until  the  methyl-orange  end  point  was 
reached.  Another  equal  portion  of  the  solution  was  tested  by  adding 
methyl  orange  alone  and  dissolving  tablets  until  the  end  point  was 
reached.    The  results  in  the  two  cases  were  as  follows : 

1.  Necessary  for  pbenolpbthalein  end  point 9  tablets. 

Excess  necessary  for  methyl-orange  end  point 9  tablets. 

2.  Total  necessary  for  metbyl -orange  end  point IStableta 

Two  solutions  were  then  made,  one  similar  to  the  first,  of  sodium 
carbonate  in  boiled  distilled  water,  the  other  of  supposedly  pure 
Kahlbaum's  sodium  bicarbonate  in  distilled  water,  also  boiled.  These 
were  tested  by  solution  of  tablets,  using  first  phenolphthalein  and 
then  methyl  orange  as  an  indicator,  as  in  the  first  case. 

Sodium  carbonate  solution 25  cubic  centimeters. 

Necessary  for  pbenolpbthalein  end  point 27  tablets. 

Necessary  excess  for  methyl-orange  end  point 27  tablets. 

Sodium  bicarbonate  solution 25  cubic  oentimetera. 

Necessary  for  phenolphthalein  end  point 15  tablets. 

Necessary  excess  for  methyl-orange  end  point 57  tablets. 

It  is  evident  that  the  solution  of  bicarbonate  was  impure,  30  tablets 
out  of  a  total  of  72  being  required  for  the  neutralization  of  the  normal 
cai-bonate.  A  mixture  of  these  two  solutions  was  then  made,  as 
follows: 

Cubic  centi- 
meters. 

Sodium  carbonate  solution 100 

Solution  containing  bicarbonate 100 

Distilled  water  (boiled) 200 

It  is  evident  that  the  number  of  tablets  required  by  this  solution,  if 
the  method  is  reliable,  will  be  equal  to  one- fourth  of  the  sum  of  all 
the  tablets  used  to  neutralize  the  two  original  solutions,  25  cubic  centi- 
meters being  taken  in  each  case.  This  should  be  true,  not  only  of 
the  whole  determination,  but  of  each  part.  Tests  made  of  the  mix- 
ture resulted  as  follows : 

Necessary  for  phenolphthalein  end  point lOJ  tablets. 

Necessary  excess  for  methyl-orange  end  point 21  tableta 

Inspection  of  these  figures  and  comparison  with  those  preceding 
indicate  that,  in  so  far  as  it  is  possible  to  judge  under  the  conditions, 
the  method  is  accurate  and  reliable. 

To  make  the  determination,  measure  a  convenient  quantity  of  the 
water  to  be  tested  into  a  porcelain  mortar  and  add  4  drops  of 
phenolphthalein  (1  per  cent).  Triturate  the  standard  NaHSO^  tab- 
lets in  the  mortar,  one  at  a  time,  until  the  color  disappears.    Note  the 
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number  of  tablets  and  then  add  4  drops  of  methyl  orange  (1  per  cent). 
Continue  the  titration  with  the  tablets  until  the  orange  color  of  the 
solution  changes  to  a  faint  pink.  Then  note  the  total  number  of 
tablets  used  in  both  titrations.  The  equivalent  of  the  sodium  acid- 
sulphate  tablets  is  usually  given  in  terms  of  calcium  carbonate. 
Therefore  the  amount  of  bicarbonates  in  the  water  may  be  calcu- 
lated directly  from  this  valuation.  In  order  to  calculate  the  normal 
carbonates  as  Na^COj,  it  will  be  necessary  to  multiply  the  valuation 
of  the  sodium-sulphate  tablets  given  by  1.06,  the  conversion  factor  of 
CaCOg  to  Na^COj. 

For  computation  of  the  normal  carbonates  in  parts  per  million, 
double  the  number  of  tablets  used  for  the  decolorization  of  phenol- 
phthalein,  multiply  by  the  equivalent  of  each  tablet  in  milligrams 
NajCOa.  '  Then  multiply  this  product  by  1,000  and  divide  the  whole  by 
the  number  of  cubic  centimeters  of  the  sample  tested.  To  find  bicar- 
bonates in  parts  per  million,  subtract  from  the  total  number  of  tablets 
used  in  the  two  titrations  twice  the  number  required  for  the  phenol- 
phthalein  end  point  and  multiply  this  diflFerence  by  the  equivalent  of 
each  tablet  in  terms  of  calcium  carbonate.  Then  multiply  this  prod- 
uct by  1,000  and  divide  by  the  number  of  cubic  centimeters  of  water 
tested. 

For  the  convenient  expression  of  the  above  in  formulas,  assume  the 
following  symbols : 

A  =  equivalent  of  NaHS04  tablets  in  terms  of  milligrams  of  CaCOs. 
B=equivalent  of  NaHSO^  tablets  in  terms  of  milligrams  of  NajCOj. 

The  conversion  factor  being  1.06,  we  have 

A=-^orB  =  1.06A. 

n  =  number  of  tablets  used  to  reach  first  or  phenolphthalein  end  point. 
N  =  number  of  tablets  used  to  reach  second  or  methyl-orange  end  point. 
W=  amount  in  cubic  centimeters  of  water  tested. 

Then  for  the  determination  of  normal  carbonates  we  have  the  formula 

2,000nB 
W 
and  for  the  determination  of  bicarbonates 

l,000(N~2n)A 
W 

The  results  of  the  two  above  equations  will  be  the  expression  of  parts 
per  million. 

SULPHATES. 

Water  generally  contains  either  one  or  more  of  the  sulphates  of 
sodium,  potassium,  calcium,  magnesium,  and  iron.  If  present  in 
minute  amounts  the  effect  of  any  or  all  of  them  is  negligible,  but  if 
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they  appear  in  large  proportions  they  do  damage  in  every  branch  of 
science  or  industry  in  which  it  is  necessary  to  use  water.  Calcium, 
magnesium,  and  iron  sulphates  damage  boilers,  textiles,  soaps,  malt 
liquors,  paper,  and  many  other  manufactured  products,  while  they 
render  water  undesirable  for  domestic  purposes.  The  sulphates  of 
sodium  and  potassium  are  troublesome  in  boilers,  and  damage  crops 
when  water  containing  large  amounts  is  used  for  irrigation.  A 
knowledge  of  the  amount  of  sulphates  in  a  water  is  of  great  im- 
portance. 

The  determination  of  sulphates,  as  it  is  usually  performed  in  the 
laboratory,  is  a  slow,  laborious,  and  expensive  process.  A  field 
method  has,  however,  been  devised  by  which  the  sulphates  can  be 
determined  in  a  few  minutes  and  with  a  degree  of  accuracy  sufficient 
for  all  practical  purposes.  The  determination  involves  the  use  of 
the  Jackson  turbidimeter,  described  on  previous  pages.  In  the  fol 
lowing  paragraphs  the  determination  of  sulphates  is  described  by 
the  originator  of  the  method,  Mr.  Daniel  D.  Jackson : 

DETERMINATION  BY  TUBBIDIMETEB. 

Knowledge  of  the  amount  of  sulphates  in  a  water  to  be  used  for  industrial 
purposes  is  especially  important.  The  scale  which  is  most  troublesome  to  remove 
from  boilers  is  produced  by  the  precipitation  of  sulphate  of  lime.  If  the  amount 
of  sulphate  is  considerable  the  determination  of  lime  may  be  made  by  the 
turbidimeter  with  a  fair  degree  of  accu^ac3^    The  method  Is  as  follows : 

To  100  cubic  centimeters  of  water  to  be  tested  add  1  cubic  centimeter  of  hydro- 
chloric acid  (1-1)  and  1  gram  of  solid  barium-chloride  crystals.  If  the  amount 
of  sulphate  is  low,  200  or  300  cubic  centimeters  of  water  must  be  treated  In 
order  to  fill  the  longer  tube  employed.  In  this  case  add  1  cubic  centimeter  of 
acid  and  1  gram  of  barium  chloride  for  each  100  cubic  centimeters  of  water 
taken. 

The  mixture  should  be  allowed  to  stand  for  ten  minutes,  and  in  this  time  it 
should  be  frequently  shaken.  It  is  best  to  employ  a  bottle  for  this  purpose. 
Treating  the  water  in  the  cold  with  solid  barium  chloride  causes  the  barium 
sulphate  to  be  precipitated  in  a  finely  divided  state,  and  the  turbidity  produced 
may  then  be  read  by  either  the  candle  or  the  electric  turbidimeter. 

In  the  lower  part  of  the  tube  the  end  point  is  taken  when  the  hazy  cross  of 
light  disappears.  This  is  a  higher  reading  than  the  point  where  the  sharp 
cross  disappears.  Higher  up  in  the  tube  there  is  no  hazy  cross  of  light,  and  the 
end  point  is  the  disappearance  of  the  sharp  cross  of  light  When  this  point 
is  obtained,  remove  the  glass  tube  and  find  the  depth  of  the  liquid  (using  the 
bottom  of  the  meniscus  In  reading).  Refer  this  reading  to  the  accompanying 
table  to  obtain  the  parts  per  million  or  grains  per  gallon  of  sulphate  present 

The  readings  of  these  Instruments  are  only  to  a  very  slight  extent  aflfected 
by  the  amount  of  light  used,  so  that  a  fairly  wide  variation  In  this  respect  gives 
little  or  no  error  In  the  result  This  is  also  true  with  variations  in  the  color 
of  different  natural  waters.  The  reason  for  this  lies  in  the  fact  that  the  end 
point  is  not  to  any  great  extent  dependent  upon  the  amount  of  light  cut  out, 
but  to  the  complete  covering  up  of  the  Image  of  light  by  the  particles  in  suspen- 
sion. It  is  surprising  to  find  that  the  interposition  of  disks,  even  of  highly  col- 
ored glass,  produces  little  or  no  effect  upon  the  end  point 
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In  using  the  electric  turbidimeter,  if  the  image  becomes  perceptibly  dim  the 
battery  is  replaced  by  a  fresh  one,  but  if  the  analyst  is  careful  to  keep  the  light 
turned  off  except  when  actually  making  readings  the  batteries  will  last  for  a  con- 
siderable period  of  time.  Fresh  electric  bulbs  and  batteries  may  be  obtained 
from  the  Howard  Electric  Novelty  Company,  221-227  Canal  street.  New  York 
City,  or  183  Lake  street,  Chicago.  If  any  parts  of  the  instrument  are  lost  or 
broken  they  may  be  replaced  by  Baker  &  Fox,  83  Schermerhom  street,  Brook- 
lyn, N.  Y. 

Table  for  converting  readings  in  depths  hy  the  turbidimeter  into  parts  per  mil- 
lion or  grains  per  gallon  of  sulphate. 


Beading  in 
centime- 
ters. 

Pftrtsper 

million, 

SO,. 

Grains  per 
United 

States  fl»l- 
lon,  SOs. 

Beading  in 
centime- 
ters. 

Parts  per 

mllUon, 

80s. 

Grains  per 
United 

States  gal- 
lon, SOs. 

1.0 

522 

30.5 

3.9 

144 

8.4 

1.1 

478 

28.0     t 

4.0 

140 

8.2 

1.2 

442 

25.8 

4.1 

137 

8.0 

1.3 

410 

24.0 

4.2 

133 

7.8 

1.4 

888 

22.4 

4.8 

131 

7.7 

1.5 

359 

21.0 

4.4 

128 

7.5 

1.6 

388 

19.8 

4.5 

125 

7.3 

1.7 

319 

18.6    • 

4.6 

122 

7.1 

1.8 

802 

17.7 

4.7 

119 

7.0 

1.9 

287 

16.8 

4.8 

117 

6.8 

2.0 

278 

16.0 

4.9 

115 

6.7 

2.1 

261 

15.3 

5.0 

118 

6.6 

2.2 

250 

14.6 

5.1 

110 

6.4 

2.3 

289 

14.0 

5.2 

108 

6.8 

2.4 

280 

13.5 

5.3 

106 

6.2 

2.5 

221 

12.9 

5.4 

104 

6.0 

2.6 

218 

12.4 

5.5 

103 

6.0 

2.7 

205 

12.0 

5.6 

101 

5.9 

2.8 

198 

11.6 

5.7 

99 

5.8 

2.9 

191 

11.2 

5.8 

97 

5.7 

8.0 

185 

10.8 

5.9 

96 

5.6 

8.1 

179 

10.5 

6.0 

94 

5.5 

8.2 

173 

10.1 

6.1 

93 

5.4 

8.8 

168 

9.8 

6.2 

91 

5.3 

8.4 

164 

9.6 

6.8 

90 

5.2 

8.5 

159 

9.3 

6.4 

88 

5.1 

8.6 

165 

9.1 

6.5 

87 

5.1 

8.7 

151 

8.8 

6.6 

86 

5.0 

8.8 

147 

8.6 

6.7 

84 

4.9 
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Table  for  converting  readings  in  depths  by  the  turbidimeter  into  paf^s  per  mU- 
lion  or  grains  per  gallon  of  sulphate — Ck>ntini]ed. 


Reading  in 
centime- 
ters. 

Parts  per 

million, 

80,. 

Grains  per 

United 
States  gal- 
lon, 80a. 

Reading  in 
centime- 
ters. 

1 

Parts  per 

million, 

80,. 

Grains  per 
United 

6.8 

83 

4.9 

12.4 

46 

2.7 

6.9 

82 

4.8 

12.6 

45 

2.6 

7.0 

81 

4.8 

12.8 

44 

.    2.6 

7.1 

80 

4.7 

13.0 

43 

2.5 

7.2 

79 

4.7 

13.5 

42 

2.5 

7.3 

78 

4.6 

14.0 

41 

2.4 

7.4 

77 

4.5 

14.5 

89 

2.3 

7.5 

76 

4.4 

15.0 

38 

2.3 

7.6 

75 

4.4 

15.5 

87 

2.2 

7.7 

74 

4.3 

16.0 

86 

2.1 

7.8 

73 

4.3 

16.5 

85 

2.0 

7.9 

72 

4.2 

17.0 

84 

2.0 

8.0 

71 

4.2 

17.5 

83 

1.9 

8.1 

70 

4.1 

18.0 

82 

1.9 

8.2 

69 

4.0 

18.5 

81 

1.8 

8.3 

68 

4.0 

19.0 

80 

1.8 

8.5 

67 

3.9 

20.0 

29 

1.7 

8.6 

66 

8.9 

21.0 

28 

1.7 

8.7 

65 

3.8 

22.0 

27 

1.6 

8.8 

64 

3.8 

22.5 

26 

1.6 

9.0 

63 

3.7 

23.0 

25 

1.5 

9.1 

62 

8.7 

24.0 

24 

1.4 

9.3 

61 

3.6 

25.0 

28 

1.8 

^.5 

60 

3.6 

26.5 

22 

1.3 

9.7 

59 

8.5 

28.0 

21 

1.2 

9.8 

58 

3.4 

29.0 

20 

1.2 

10.0 

57 

3.3 

31.0 

19 

1.1 

10.2 

56 

3.3 

33.0 

18 

1.1 

10.4 

55 

3.2 

35.0 

17 

1.0 

10.6 

54 

3.2 

37.5 

16 

1.0 

10.8 

53 

3.1 

40.0 

15 

.9 

11.0 

52 

3.1 

43.0 

14 

.9 

11.2 

51 

3.0 

46.5 

18 

.8 

11.4 

50 

8.0 

50.0 

12 

.7 

11.6 

49 

2.9 

55.6 

11 

.6 

11.8 

48 

2.8 

62.0 

10 

.6 

12.0 

47 

2.7 

68.0 

9 

.5 
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PRECAUTIONS  IN  USE  OF  INSTBUMENT. 

1.  The  same  care  should  be  taken  as  in  measuring  turbidity  to  have  the  tur- 
bidimeter in  good  running  order.  2.  Always  shake  the  solution  until  all  the 
barium  chloride  is  dissolved.  Otherwise  a  flaky  precipitate  may  be  obtained- 
X  Since  the  barium-sulphate  precipitate  is  very  heavy,  the  solution  should  be 
mixed  frequently  by  pouring  and  shaking  while  readings  are  being  made.  4. 
Only  sufficient  hydrochloric  acid  should  be  added  to  make  the  water  acid. 

CALCIUM. 

The  determination  of  calcium  is  made  by  means  of  the  turbidi- 
meter, the  method  being  similar  to  that  described  in  the  chapter  on 
sulphates.  It  is  the  latest,  and  therefore  the  least  known,  of  all  the 
determinations  here  described.  While  the  results  which  have  been 
reached  by  this  method  appear  to  be  satisfactory,  no  particular  plan 
has  yet  been  oflFered  to  determine  certain  necessary  facts  with  ref- 
erence to  the  behavior  of  precipitated  calcium  oxalate.  The  method 
depends  upon  the  turbidity  produced  by  the  precipitation  of  calcium 
oxalate  upon  the  addition  of  ammonium  oxalate  to  the  water  under 
investigation.  Whether  or  not  the  variations  which  occur  in  the 
character  of  this  precipitate  under  different  conditions  are  suflScient 
to  affect  appreciably  the  degree  of  turbidity  produced  is  a  matter 
which  is  yet  to  receive  attention. 

The  test  is  made  in  the  following  manner :  To  100  cubic  centimeters 
of  the  water  to  be  tested  add  a  few  drops  of  ammonium  hydroxide, 
NH^OH.  The  amount  added  should  be  barely  suflScient  to  impart  to 
the  water  a  perceptible  ammoniacal  odor.  Then  add  crystals  of  am- 
monium oxalate.  The  amount  of  crystals  to  be  added  depends,  of 
course,  upon  the  amount  of  lime  in  the  water.  As  tliis  is  yet  undeter- 
mined, care  should  be  taken  to  add  an  excess  of  ammonium  oxalate. 
Mix  thoroughly  and  allow  the  solution  to  stand  for  ten  or  fifteen 
minutes.  Then  determine  the  turbidity  with  the  Jackson  turbidi- 
meter precisely  as  described  in  previous  pages  in  the  case  of  sulphates, 
and  state  the  amount  of  calcium  according  to  the  table  given  below. 

The  treatment  above  described  will  precipitate  materials  other  than 
calcium,  but  they  are  usually  in  so  small  a  proportion  in  natural 
waters  that  they  do  not  often  give  trouble.  The  most  fi'equent  com- 
plication arises  from  the  precipitation  of  magnesium  on  the  addition 
of  ammonia.  If  the  precipitate  is  sufficient  in  amount  to  materially 
affect  the  degree  of  turbidity  it  should  be  filtered  before  the  addition 
of  ammonium  oxalate. 


Digitized  by  VjOOQIC 


74 


W5XLB    AaWA'T  Qgf  WJLXBK. 


(ML  ML 


The  table  given  below  for  the  determination  of  calcium  is  less  satis- 
factory than  that  for  sulphates,  and  it  will  probably  be  found  that 
corrections  must  be  made  as  future  experience  dictate. 


Table  for  determining  calcium  with  Jackson's  i 

lurhidimeter. 

Reading 
in  cen- 
timeters. 

Parts  per 
million. 

in  cen- 
timeters. 

Parts  per 
million. 

Beading 
in  cen- 
timeters. 

Parts  per 
million. 

Reading 
in  cen- 
timeters. 

Parts  per 
million. 

1.0 

1,150 

4.0 

167 

7.0 

80 

j       10.0 

53 

1.1 

1,000 

4.1 

162 

7.1 

78 

10.2 

52 

1.2 

890 

4.2 

156 

7.2 

77 

10.4 

51 

1.3 

795 

4.3 

151 

7.8 

76 

10.6 

50 

1.4 

715 

4.4 

146 

7.4 

74 

10.8 

49 

1.5 

650 

4.5 

142 

7.5 

78 

11.0 

48 

1.6 

595 

4.6 

187 

7.6 

72 

11.2 

47 

1.7 

550 

4.7 

133 

7.7 

71 

11.4 

46 

1.8 

505 

4.8 

130 

7.8 

70 

11.7 

45 

1.9 

470 

4.9 

126 

7.9 

69 

11.9 

44 

2.0 

435 

5.0 

123 

8.0 

68 

12.2 

43 

2.1 

410 

5.1 

119 

8.1 

67 

12.4 

42 

2.2 

380 

5.2 

116 

8.2 

66 

12.7 

41 

2.3 

360 

5.8 

113 

8.3 

65 

13.0 

40 

2.4 

840 

5.4 

110 

.     8.4 

64 

18.3 

89 

2.5 

820 

5.5 

107 

8.5 

64 

13.7 

88 

2.6 

805 

5.6 

105 

8.6 

63 

14.0 

87 

2.7 

288 

5.7 

102 

8.7 

62 

14.4 

86 

2.8 

274 

5.8 

100  1 

8.8 

61 

14.8 

85 

2.9 

261  ' 

5.9 

98 

8.9 

60 

15.8 

34 

8.0 

248 

6.0 

96 

9.0 

60 

15.7 

33 

3.1 

238 

6.1 

94 

9.1 

59 

16.2 

82 

8.2 

228 

6.2 

92 

9.2 

58 

16.7 

81 

8.8 

218 

6.8 

90 

9.3 

57 

17.8 

80 

3.4 

209 

6.4 

88 

9.4 

57 

17.9 

23 

8.5 

200 

6.5 

87 

9.5 

56 

18.5 

28 

8.6 

194 

6.6 

85 

9.6 

55 

19.2 

27 

3.7 

186 

6.7 

84 

9.7 

55 

20.0 

26 

3.8 

179 

6.8 

82 

9.8 

54 

21.7 

24 

3.9 

173 

6.9 

81 

9.9 

54 

22.7 

23 

INSTRUMENTS  AND  REAGENTS. 


The  field  case  (see  PI.  IV)  contains  the  instruments  and  reagents 
described  below : 

1.  A  Berkfeld  army  filter  for  removing  suspended  matter  from 
water  under  investigation.    The  porous  stone  in  this  filter  should 
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be  removed  from  the  tube  frequently  and  thoroughly  cleansed  with 
the  small  stiff  brush  provided  for  this  purpose.  If  it  is  desired  to 
secure  sterile  water,  or  if  the  only  water  available  is  known  to  be 
polluted  and  a  supply  for  drinking  purposes  is  desired,  the  filter  stone 
should  be  boiled  or  baked  frequently.  Watch  the  filter  stone  closely 
for  cracks  and  imperfections.  When 'water  is  pumped  through  the 
filter,  care  should  be  taken  that  the  suction  end  does  not  rest  on 
sand  or  mud ;  such  materials,  if  drawn  into  the  buckets  of  the  pump, 
are  troublesome  and  materially  shorten  the  term  of  usefulness  of  the 
filter. 

2.  One  or  more  leather  cases  containing  tubes  of  reagent  tablets. 
The  equivalent  of  each  tablet  of  the  various  reagents  should  be  noted 
on  a  slip  pasted  upon  the  inside  of  the  case. 

The  tablets  are  packed  in  tubes  to  prevent  mechanical  agitation. 
This  is  highly  important,  because  if  the  tablets  are  loosely  packed 
a  loss  of  active  chemical  reagerft  is  inevitable.  Tablets  which  show 
signs  of  extraordinary  wear  should  be  rejected.  In  using  a  tube 
one  of  the  cork  stoppers  should  be  removed  and  the  tablets  poured 
out  as  needed.  When  the  end  point  is  reached  the  cork  should  be 
replaced  and  the  stoppers  in  the  opposite  end  of  the  tube  should  be 
pushed  through  the  lumen  until  the  tablets  remaining  in  the  tube  are 
projected  against  the  opposite  stopper,  thus  holding  them  securely. 

Sodium-oleate  tablets  are  packed  in  unmarked  transparent  glass 
tubes.  Two  grades  of  silver-nitrate  tablets  are  usually  issued.  The 
tubes  containing  tablets  of  the  higher  equivalent  have  a  cross  etched 
on  the  glass,  while  those  with  the  lower  equivalent  are  etched  with 
a  single  transverse  line.  The  sodium^ acid-sulphate  tablets  are  packed 
in  transparent  glass  tubes,  upon  each  of  which  is  etched  the  symbol 
NaHSO,. 

3.  One  case  containing  four  aluminum  tubes  for  natural  color  and 
for  iron  determinations.  There  will  also  be  provided  brown-glass 
disks  for  the  color  determination  or  red-glass  ones  for  the  iron,  or 
both.  The  equivalent  of  each  disk  in  terms  of  parts  per  million  is 
engraved  on  the  aluminum  rim. 

4.  One  Jackson  candle  or  electric  turbidimeter  with  two  graduated 
cylinders  for  same.  An  extra  electric  bulb,  a  ground-glass  disk,  a 
brass  cross  disk,  a  standard  English  candle,  and  a  dry  battery  will  be 
provided  with  each  turbidimeter.  The  field  observer  should  not  use 
any  dry  battery  which  has  been  in  his  possession  over  sixty  days, 
irrespective  of  the  intensity  of  the  light  produced  by  it.  Candles 
other  than  the  standard  English  sperm  should  not  be  used. 

The  candle  turbidimeter  should  be  used  in  preference  to  the  electric 
whenever  possible,  as  the  former  is  the  more  steady  instrument  and 
insures  uniformity  of  results.    If,  however,  it  is  necessary  to  make 
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determinations  in  exposed  places  when  the  wind  is  blowing,  the  elec- 
tric turbidimeter  must  be  used,  as  the  slightest  flickering  of  the  candle 
flame  will  introduce  errors  in  the  determinations.  Whenever  possible, 
water  samples  should  be  carried  to  a  convenient  shelter  and  assayed. 

5.  Seven  special  dropping  bottles  containing  the  following  rea- 
gents: Concentrated  nitric  acid  (HNOg) ;  concentrated  hydrochloric 
acid  (HCl) ;  concentrated  ammonium  hydroxide  (NH^OH) ;  two  per 
cent  solution  of  potassium  sulphocyanide  (KCNS) ;  five  per  cent  solu- 
tion of  potassium  chromate  (K2Cr04) ;  one  per  cent  solution  of 
phenolphthalein ;  one-t^nth  per  cent  solution  of  methyl  orange. 

Care  should  be  taken  to  close  the  stoppers  in  these  dropping  bottles 
where  they  are  packed  in  the  cases. 

6.  Two  salt-mouth  bottles  containing  pure  crystals  of  barium 
chloride  and  ammonium  oxalate. 

All  bottles  containing  chemicals  have  etched  labels,  except  the 
indicators,  the  colors  and  odors  of  which  are  sufficient  for  identifi- 
cation. 

7.  One  heavily  glazed  porcelain  mortar  and  pestle. 

8.  One  round-bottom  glass  bottle,  with  glass  pestle,  for  hardness 
determination. 

9.  One  small  horn  spoon  for  handling  crystals  noted  in  section  6. 

10.  One  5  c.  c.  pipette  in  case  for  general  use  in  measuring  small 
amounts  of  liquid. 

11.  One  centigrade  thermometer  in  brass  case. 

12.  One  loose-leaf  notebook.  This  notebook  is  made  up  of  printed 
cards,  with  every  alternate  leaf  a  blank. 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Water-Supply  Paper  No.  161.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  ( 1 )  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral  Re- 
sources, (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  United  States— folios 
thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the  others 
are  distributed  free.    A  circular  giving  complete  lists  may  be  had  on  application. 

Most  of  the  above  publications  maybe  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8) ,  on  application. 

2.  A  certain  number  are  allotted  to  every  member  of  Congress,  from  whom  they 
may  be  obtained,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  practically  cost 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
sulted by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 
This  paper  is  the  eleventh  in  Series  L,  the  complete  list  of  which  follows. 
(PP=ProfeeBional  Paper;  B=Bulletin;  W8= Water-Supply  Paper.) 

Series  I/— Quality  of  Water. 

W8     8.  Sewage  irrigation,  by  G.  W.  Rafter.    1897.    100  pp.,  4  pis.    (Out  of  stock.) 

WS   22.  Sewage  irrigation,  Pt.  U,  by  O.  W.  Rafter.    1899.    100  pp..  7  pis.    (Out  of  stock.) 

WS  72.  Sewage  pollution  near  New  York  City,  by  M.  O.  Leighton.    1902.    76  pp.,  8  pis. 

WS  76.  Flow  of  rivers  near  New  York  City,  by  H.  A.  Pressey.    1908.    108  pp  ,  13  pis. 

WS  79.  Normal  and  polluted  waters  in  northeastern  United  States,  by  M.  O.  Leighton.    1908.    192  pp., 

15  pis. 
W8 108-  Review  of  the  laws  forbidding  pollution  of  inland  waters  in  the  United  States,  by  E.  B. 

Goodell.    1904.    120  pp. 
WS  106.  Quality  of  water  in  the  Snsquehanna  River  drainage  basin,  by  M.  O.  Leighton,  with  an 

introductory  chapter  on  physiographic  features,  by  G.  B.  Holllster.    1904.    76  pp.,  4  pis. 
W8113.  Strawboard  and  oil  wastes,  by  R.  L.  Sackett  and  Isaiah  Bowman.    1905.    52  pp.,  4  pis. 
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LETTER  OF  TRANSMITTAL. 


Depaktment  of  the  Interior, 

United  States  Geological  Sur\"ey, 

Hydrographic  Branch, 
Washington,  D,  C\,  Avgust  17, 1905. 

Sir:  I  transmit  herewith  a  manscript  entitled  ''A  Review  of  the 
Laws  Forbidding  Pollution  of  Inland  Waters  of  the  United  States," 
prepared  by  Edwin  B.  Goodell,  and  request  that  it  be  published  as  a 
water-supply  and  irrigation  paper.  This  paper  is  a  second  edition  of 
Water-Supply  Paper  No.  103,  published  last  year.  The  subject- 
matter  has  been  brought  to  date  by  the  incorporation  of  the  statutes 
passed  since  the  first  edition  was  prepared,  and  the  section  on  pollu- 
tion under  the  common  law  has  been  amplified  to  include  the  arid 
States  and  Territories. 

One  of  the  important  features  involved  in  the  determination  of 
the  water  supplies  of  the  United  States  and  the  prei)aration  of  reports 
upon  the  be.st  methods  of  utilizing  water  resources  is  the  character  of 
those  supplies.  In  the  more  populous  sections  of  the  country  the 
quality  of  water  is  dependent  to  a  large  degree  upon  the  amount  and 
character  of  the  pollution  which  is  allowed  to  discharge  into  the 
streams.  Therefore  it  has  been  found  desirable  to  study  diflFerent 
State  laws  regulating  and  controlling  this  matter  and  to  determine 
the  scope  of  the  work  to  a  large  degree  according  to  them. 

Mr.  Goodell  has  presented  the  subject  of  antipollution  laws  in  a 
manner  which  will  be  of  assistance  to  public  officials,  water  compa- 
nies, manufacturers,  farmers,  and  legislators,  rather  than  to  members 
of  the  bench  and  bar.  The  broad  legal  principles  under  w^hich  anti- 
pollution statutes  become  operative  are  explained,  and  important 
court  decisions  are  quoted  to  show  authority  for  various  deductions. 
The  statutes  enacted  in  the  different  States  are  classified  according  to 
the  general  scope,  and  an  opportunity  is  thereby  afforded  to  compare 
their  effectiveness  and  desirability.  In  short,  the  paper  provides 
specific  information  necessary  to  a  popular  knowledge  of  the  condi- 
tions in  each  State  with  respect  to  one  feature  of  the  conservation  of 
natural  water  resources.  Its  distribution  should  be  of  material  assist- 
ance in  bringing  about  a  general  apprehension  of  correct  principles 
upon  the  subject. 

Very  respectfully,  F.  H.  Newell, 


Hon.  Charles  D.  Walcott, 

Director  United  /States  Geological  Survey. 


Chief  Engineer. 
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A  REVIEW  OF  THE  LAWS  FORBIDDING  POLLUTION  OF 
INLAND  WATERS  IN  THE  UNITED  STATES. 


By  Edwin  B.  Goodell. 


This  subject  naturally  divides  into  two  parts:  (1)  A  siunmary  of 
the  common  law  upon  the  subject  of  water  pollution — i.  e.,  the  law  as 
pronoimced  and  determined  by  the  courts  independently  of  legis- 
lative action,  and  (2)  a  summary  or  abstract  of  the  statutes  enacted 
by  the  various  legislatures  for  the  correction  of  the  evil. 

WATER  POLLUTION  irNl>ER  THE  COMMON  liAW. 

The  full  treatment  of  this  branch  of  the  subject  involves  the  exami- 
nation of  the  very  numerous  decisions  which  have  been  rendered  by 
the  courts  in  England  and  the  United  States  in  the  determination  of 
litigation  arising  from  alleged  violations  of  the  right  to  have  inland 
waters  preserved  in  their  natural  state.  It  necessarily  follows  that  a 
full  treatment  of  this  branch  of  the  subject  would  be  beyond  the 
scope  of  this  paper.  It  is  not  the  purpose  of  the  present  publication 
to  furnish  a  complete  work  upon  water  pollution  for  the  use  of  mem- 
bers of  the  bench  and  bar,  but  rather  to  put  into  the  hands  of  public 
officials  and  others  who  may  be  interested  in  the  subject  a  guide  for 
their  action  and  references  to  the  sources  from  which  a  more  exhaust- 
ive knowledge  of  the  subject  may  be  obtained  if  required. 

No  attempt,  accordingly,  will  be  here  made  to  present  a  detailed 
statement  of  the  entire  law  against  water  pollution  as  it  exists  inde- 
pendently of  statutes,  but  this  branch  of  the  subject  will  be  confined 
to  a  statement  of  the  general  principles  which  are  to  be  deduced  from 
the  decisions,  with  references  to  some  of  the  leading  cases. 

PRINCIPLES  AND  DECISIONS. 
.  CXA8SIFICATI0N. 

These  principles  and  decisions  have  been  classified  and  are  pre- 
sented in  the  following  groups : 

A.  The  rights  of  riparian  owners  to  pure  water  as  against  one 
another. 
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B.  The  rights  of  the  public  (as  distinguished  from  individual 
owners)  to  have  inland  watei's  kept  free  from  pollution  by  riparian 
owners  or  others. 

C.  The  conditions  under  which,  and  the  extent  to  which,  public 
municipalities  may  use  inland  watei's  in  disposing  of  sewage  matter 
from  public  sewers. 

A.    RIGHTS    OF    RIPARIAN    OWNERS    TO    PURE    WATER    AS    AGAINST    ONE 

ANOTHER. 

In  contemplation  of  law  the  water  flowing  over  the  land  is  part 
of  the  realty  and  l^elongs  to  the  owner  of  the  soil.  But  the  latter's 
ownership  thereof  is  a  qualified  one.  He  may  use  it  in  certain  ways 
as  it  passes,  may  take  from  it  for  his  own  use  to  a  certain  extent,  and 
may  thus,  incidentally,  somewhat  diminish  its  volume  and  slightly 
alter  its  character.  But  its  nature  is  to  pass  on  to  the  ownei-s  of  the 
adjoining  soil,  and  the  next  owner  has  precisely  the  same  rights 
therein  as  every  other  owner.  It  follows,  therefore,  that  as  no  ripa- 
rian owner  of  a  stream  may  appropriate  all  the  water  which  comes 
to  him,  neither  may  he  so  corrupt  or  pollute  it  as  to  injure  the  other 
owners  by  diminishing  the  value  of  their  property  in  the  natural 
stream.  This  prohibition  is  independent  of  any  statute;  it  is  a  part 
of  the  law  of  the  land,  except  in  certain  of  the  arid  and  mining  States 
of  the  West ;  its  application  in  these  is  discussed  on  pages  21-23. 

The  conflict  of  rights  tetween  the  si^veral  ownei^s  has  given  rise  to 
litigation  in  many  hundreds  of  instances,  and  it  is  impossible  to  give 
a  rule,  limiting  the  owner's  right  to  use  the  water  of  a  stream  as  it 
passes,  more  exact  than  this :  Every  owner  may  make  such  use  of  the 
water  for  farming  and  domestic  purposes  as  is  reasonable,  and  in 
the  States  in  which  the  doctrine  of  prior  appropriation  obtains  may 
use  the  water  which  he  has  acquired  by  appropriation,  and  the  lower 
owners  must  accept  the  diminution  and  perturbation  of  the  water 
which  necessarily  follows  from  this  reasonable  use. 

If  the  use  for  farming  or  domestic  purposes  is  challenged  by  an- 
other owner,  the  question  of  its  reasonableness,  in  that  case,  is  to  be 
determined  by  court  or  jury  as  a  question  of  fact. 

If  the  water  is  used  for  any  other  than  farming  or  domestic  pur- 
poses, it  must  be  such  a  use  as  will  not  change  the  character  of  the 
water  from  its  natural  state  or  make  it  less  useful  to  other  owners. 

If  the  riparian  owner  cast  sewage,  filth,  or  waste  material  therein, 
he  does  it  at  his  peril. 

Independent  of  statutory  provisions  there  is  a  remedy  for  these 
wrongs  in  the  following  ways: 

By  private  suit  against  the  wrongdoer  for  damages. 

By  injunction  when  the  wrong  is  a  continuing  one. 

By  indictment  when  the  injury  affects  the  rights  of  the  public. 
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WTiere  the  acts  causing  the  pollution  are  done  in  one  jurisdiction 
and  the  injuries  suffered  are  in  another,  the  injured  party  has  his 
remedy  in  a  civil  action  to  the  same  extent  as  if  the  injurious  act  and 
the  resulting  injury  were  in  the  same  jurisdiction. 

These  general  principles  will  be  found  to  be  fully  sustained  by  the 
cases.     The  following  are  given,  not  as  an  exhaustive  list,  but  to 
enable  the  reader  to  find  authorities  if  his  needs  require: 
Alabama : 

Drake  v.  Iron  Co.,  14  So.  Rep.,  749;  102  Ala.,  501;  24  L.  R.  A.,  64;  48  Am. 
St.  Rep.,  77. 

Tenn.  Coal  Co.  r.  Hamilton,  14  So.  Rep.,  107. 

Lewis  r.  Stein,  10  Ala.,  214. 
Arkansas : 

State  r.  Chapin,  17  Ark.,  501.      . 
California : 

Potter  r.  Froment  et  al.,  47  Cal.,  105. 

People  V.  Elk  River  Mill  and  Luml>er  Co.,  107  Cal.,  214 ;  S.  C.  40  Pac.  Rep., 

Mining  Co.  r.  Mining  Co.,  48  Pac.  Rep.,  828. 

l'o(jpIe  V.  Gold  Run  Ditch  Co.,  00  Cal.,  138 ;  50  Am.  Rep.,  80 ;  4  Pac.  Rep., 
1152.a 
Colorado : 

City  of  Durango  v.  Chapman.  00  Pac.  Rep.,  035. 
(Connecticut  : 

Morgan  v.  Danhury,  07  Conn.,  484. 

Nolan  r.  New  Britain,  09  Conn.,  008. 
Georgia : 

Satterfield  v.  Rowan,  83  Ga.,  187 ;  S.  C.  9  S.  E.  Rep.,  077. 
Indiana : 

Muncie  Pulp  Co.  r.  Martin,  55  N.  E.  Rep.,  790. 

State  r.  Herring  (Ind..  1897),  48  N.  E.  Rep.,  598. 

State  r.  Wabash  l»ai)er  Co.,  48  N.  E.  Rep.,  053. 

W€*ston  Paper  Co.  v.  Pope,  155  Ind.,  394. 

Indianapolis  Water  Co.  v.  Am.  Straw  Board  Co.,  57  Fed.  Rep.,  1000. 
Iowa : 

Ferguson  v.  Mfg.  Co.,  77  la.,  570 ;  S.  C.  42  N.  W.  Rep.,  448. 

Klnnaird  v.  Oil  Co.  (Ky.),  12  S.  W.  Rep.,  937. 
Maine : 

Gerrlsh  v.  Brown,  51  Me.,  250,  81  Am.  Dec,  509. 
Maryland : 

Baltimore  v.  Warren  Mfg.  Co.,  59  Md.,  90. 

Price  r.  Lawson,  74  Md.,  499. 
Massachusetts : 

Ball  r.  Nye,  99  Mass.,  582. 

Martin  v.  Gleason,  139  Mass.,  183. 

Merri field  v.  Lombard,  13  Allen,  10. 

Woodward  r.  Worcester,  121  Mass.,  245. 

Dwight  Printing  Co.  v.  Boston,  122  Mass.,  583. 

Mc<4enness  v,  Adriatic  Mills,  110  Mass.,  177. 

a  This  case  was  one  brouglit  in  behalf  of  the  people  to  restrain  a  public  nuisance, 
caused  by  discharging  the  refuse  from  mining  operations  Into  an  unnavlgable  stream. 
The  injunction  was  granted  and  It  was  held  that  the  right  to  pollute  the  stream  In  this 
manner  could  not  be  gained  by  prescription. 
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Minnesota : 

Roller  Mills  r.  Wright,  30  Minn.,  254. 
Mississippi : 

Mississippi  Mills  r.  Smith,  C9  Miss.,  299;  S.  C.  11  So.  Rep.,  26. 
Missouri : 

Smith  V.  Conatliy,  11  Mo.,  517. 
New  Hami^shire: 

Hayes  r.  Waldrou,  44  N.  H.,  580. 
New  Jersey : 

Holsmau  r.  Boiling  Springs  Co.,  1  McCart,  335. 

Aequaeivanonlc  Water  Co.  r.  W^atson,  2  Stew.  Ekj.,  366. 

Beach  r.  Sterling  Iron  and  Zinc  Co.,  9  Diclc.,  65. 

Same  case  affirmed  on  appeal,  10  Dielc,  824. 

(See  tlie  opinion  of  Pitney,  V.  C,  in  the  last-cited  case,  given  in  foil  on 
pp.  11-20.) 

O'Kiley  r.  McChesney,  3  Lans.,  278. 

Covert  V,  Cranford,  141  N.  Y.,  521. 

Townsend  r.  Bell,  24  N.  Y.  S.  (70  Hun,  557),  193. 

Smith  r.  Cranford,  32  N.  Y.  S.,  375. 
Ohio: 

The  Columbus,  etc.,  Co.  r.  Tucker,  48  Ohio  St,  41 ;  S.  C.  26  N.  E.  Rep.,  630. 

Thayer  r.  Brooks,  17  Ohio,  489. 
Pennsylvania : 

Elder  v.  Lykens  Valley  Coal  Co.,  157  Pa.  St,  490. 

Hindson  r.  Markle,  171  Pa.  St,  138. 

Stevenson  i\  El^ervale  Coal  Co.,  201  Pa.  St,  112. 
Rhode  Island : 

Stillman  r.  Mfg.  Co.,  3  W.  &  M.  (R.  I.),  546. 

Richmond  Mfg.  Co.  r.  Atlantic  De  Laine  Co.,  10  R.  I.,  106. 
South  Carolina : 

Threatt  v.  Mining  (^o.  (S.  C,  1897),  26  S.  E.  Rep.,  970. 
Vermont : 

Snow  r.  I>arsons,  28  Vt,  459. 

Canfleld  v.  Andrew,  54  Vt,  1. 
Wisconsin : 

Middlestadt  v.  Starch  Co.  (WMs.),  66  N.  W.  Rep.,  n3. 

Hazel  tine  v.  Case,  46  Wis.,  391. 

Greene  v.  Nunnemacher,  36  WMs.,  50. 
Wyoming : 

Howell  V.  Johnson,  89  Fed.  Rep.,  556.« 
English : 

Mason  v.  Hill,  5  B.  &  Ad.,  1. 

Embry  i\  Owen,  (>  Exch.,  353. 

Wood  V.  Waud,  3  Exch.,  748. 

Beaiey  v.  Shaw,  6  East,  208. 

CASE  IN   EXCEPTION. 

A  single  case  in  Pennsylvania  seems  to  create  an  exception  to  the 
operation  of  the  principles  above  stated,  viz,  Sanderson  v.  Pennsyl- 
vania Coal  Company,  113  Pa.  St.,  126. 

«  In  this  case  the  injury  arose  from  an  act  done  in  Montana,  but  the  Injurious  result 
occurred  in  tlie  State  of  Wyoming. 
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This  was  a  case  brought  by  a  riparian  owner  who  had  established  a 
home  on  the  banks  of  a  stream,  after  ascertaining,  by  a  careful  invas- 
tigation,  that  its  waters  were  uncontaminated  by  any  influx  of  dele- 
terious matter,  and  who  used  the  waters  of  the  stream  for  domestic 
purposes.  Subsequently  a  coal  mine  was  opened  higher  up  the 
stream,  and  the  mining  company,  in  the  course  of  its  mining  opera- 
tions, pumped  the  water  from  the  mine  to  the  surface,  where  it  ran 
into  this  stream  and  rendered  the  water  unfit  for  domestic  use.  The 
case  was  bitterly  contested,  and  came  before  the  court  several  times. 
(See  86  Pa.  St.,  401 ;  94  Pa.  St.,  303,  and  102  Pa.  St.,  370.) 

In  the  final  decision  the  court  refused  damages  to  the  riparian 
owner.  The  reasoning  of  the  court  indicates  that  this  result  was  due 
lo  its  unwillingness  to  impose  upon  the  immense  coal-mining  interests 
of  the  State  the  burden  of  paying  for  the  damage  to  property  in  the 
water  of  streams  caused  by  their  operations;  but  the  reason  given  for 
the  decision,  in  the  court's  attempt  to  harmonize  it  with  the  principles 
firmly  established  by  precedent  in  Pennsylvania,  was  that  the  water 
which  the  defendant  conducted  into  the  stream  was  contaminated 
only  by  the  coal,  which  was  a  natural  product,  and  hence  was  said  to 
be  conducted  into  the  stream  in  its  "  natural  state."  This  reasoning 
is  specious,  since  the  presence  of  coal  in  the  brook  was  due  wholly  to 
the  operations  of  the  defendant  company,  the  stream  in  its  natural 
state  showing  no  trace  of  coal,  and  the  doctrine  thus  established  for 
Pennsylvania  has  not  found  favor  in  any  other  jurisdiction. 

But  in  subsequent  decisions  the  courts  of  Pennsylvania  have  been 
careful  not  to  extend  the  force  of  Sanderson  v,  Pennsylvania  Coal 
Company  beyond  the  single  act  of  turning  the  natural  drainage  from  a 
mine  into  a  stream.  (See  Elder  v.  Lykens  Valley  Coal  Co.,  157  Pa. 
St.,  490;  Hindson  v.  Markle,  171  Pa.  St,  138,  and  Stevenson  v.  Eber- 
vale  Coal  Co.,  201  Pa.  St,  112.) 

OPINION  OF  VICE-CHANCELLOR  PITNEY,   OP  NEW   JEBSET. 

The  whole  subject  was  thoroughly  treated  in  Beach  v.  Sterling  Iron 
and  Zinc  Company  (9  Dick.  (N.  J.),  65). 

This  was  an  action  for  an  injunction,  brought  by  the  manufacturers 
of  a  white  tissue  paper  against  a  mining  company,  the  water  from 
whose  mines  was  pumped  into  the  stream  above  the  paper  works  and 
befouled  the  water,  making  it  unfit  for  the  purposes  of  the  complain- 
ant. The  opinion  gives  a  careful  and  most  lucid  and  interesting 
review  of  the  course  of  decisions  sustaining  and  enforcing  the  rights 
of  riparian  owners  upon  streams  above  tide  water  to  have  the  water 
in  the  stream  maintained  in  its  natural  condition.  The  decision  of 
the  court(  in  this  case  was  affirmed  by  the  court  of  errors  and  appeals 
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(10  Dick.,  8*24)  upon  the  opinion  of  the  court  below,  which  is  given 
liere  in  full : 

The  material  facta  of  the  case  are  undisputed.  The  only  dispute  is  as  to  the 
degnv  of  discoloration  causcnl  by  the  defendant's  ojieratious  and  the  length  of 
time  over  which  such  discoloration  extended. 

The  facts  clearly  established  are  as  follows: 

Tlie  Wallkill  Uiver  rises  in  the  southern  part  of  Sussex  County  and  flows  upon 
a  course  nearly  north,  passing  through  the  villages  of  Franklin  and  Hamburg. 
At  the  latter  place  is  situated  an  artificial  pond,  called  the  Furnace  Pond,  <*au8ed 
by  an  old  dam.  upon  which,  for  several  years,  has  been  a  paper  mill  driven  by  the 
waters  of  the  river  from  that  i)ond.  The  comi)lainant,  Beacli,  purchased  this 
water  power  and  lands  connected  with  it  in  the  summer  of  1801.  for  the  puri)ose 
of  erecting  a  plant  for  the  manufacture  of  what  is  known  as  white  tissue  paper. 
Associated  with  him  were  two  gentlemen  by  the  name  of  Sparks,  who  liad  previ- 
ously l)een  engagtHl  in  the  business  of  waxing  white  tissue  pai>er  according  to  a 
process  which  they  controlled,  and  the  projei't  was  to  both  manufactiire  and  wax, 
for  nmrket,  white  tissue  paper.  For  that  purimse  the  corporation  was  formed, 
of  which  Mr.  Beach  and  the  Messrs.  Sparks  were  stockholders,  and  the  latter 
were  the  active  managers.  A  large  amount  of  money  was  spent  In  erecting  a 
plant  between  the  date  of  the  purchase  and  the  Ist  of  February,  1892,  wlien  they 
commenced  the  manufacture  of  white  tissue  pai)er  and  carried  it  on  with  success 
for  about  a  year. 

The  manufacture  of  such  paper  requires  a  perfectly  clear,  pure  water,  and 
before  purchasing  the  Hamburg  water  jwwer  the  complainants  inspected  the 
stream  and  inquire<l  as  to  its  character  for  clearness,  and  satisfied  themselves 
that  they  would  be  al)le  to  use  it  for  making  white  tissue  paper  without  incur- 
ring tlie  expense  of  filtration,  and  their  experience  for  a  year  proved  that  their 
exi)e<»tations  were  just. 

In  the  month  of  February,  1803,  complaints  began  to  come  in  from  the  pur- 
chasers of  their  pai)er  that  it  was  deteriorating  in  the  matter  of  whiteness,  and 
they  investigated  the  cause.  The  i)ond  w^as  frozen  over,  but  they  knew  by  repu- 
tation that  mining  operations  were  being  carried  on  at  Greenspot  by  the  defend- 
ant, and  they  went  there  March  1  and  found  a  stream  of  highly  colored  water 
flowing  from  the  defendant's  mine  shaft  Into  the  river,  traced  Its  effect  in  dis- 
coloration to  their  i)ond,  and  by  subsequent  observations  by  themselves  and 
others  in  the  ueighborliood  traced  its  effect  not  only  In  and  through  the  Furnace 
Pond,  but  for  miles  down  the  river  to  the  north  of  Hamburg.  In  fact,  several 
respectable  and  credible  witnesses,  called  by  the  complainants,  testified  to  the 
discoloration  of  the  water  In  the  Furnace  Pond  and  beyond,  and  the  complain- 
ants were  stopped  by  the  court  from  producing  further  evidence  on  that  subject 
in  the  oi)enlng  of  their  case.  Several  witnesses  called  by  the  defendant,  among 
them  its  superintendent,  corrol)orated  this  evidence,  and  there  is  no  attempt  to 
meet  It. 

The  color  was  a  peculiar  reddish-yellow  tint,  which  was  in  marked  contrast 
with  the  discoloration  due  to  the  ordinary  road  and  field  wash  after  a  heavy 
storm  or  spring  thaw. 

This  peculiar  discoloration  continued  throughout  the  month  of  March  and, 
with  some  Intermissions  and  variations  in  degree  >5f  discoloration,  through  the 
month  of  April.  Complainants  early  in  March  were  obliged  to  stop  the  making 
of  white  tissue  pai>er.  Negotiations  between  the  parties  for  some  arrangement 
of  the  matter  failing,  the  bill  was  filed  on  the  2l8t  of  April,  1893. 

The  Immediate  origin  of  the  discoloration  was  as  follows :  The  defendant  cor- 
poration was  organized  by  two  gentlemen  by  the  name  of  Heckscher  and  two  by 
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the  name  of  Wetherill  for  the  puri>ose  of  reaching  and  working  a  bed  of  frank- 
linite  ore  which  had  been  loc*ated  by  boring  exploration  at  a  depth  of  about  a 
thousand  feet  below  the  surface  near  this  point  called  Greensi)ot.  It  was  the 
continuation  of  a  seam  of  ore  for  many  years  worketl  to  the  southwest  of  Green- 
spot  by  two  companies,  one  of  which — viz,  the  Lehigh  Zinc  and  Iron  Company — 
was  owned  and  controlled  by  the  Heckschers  and  Wetherills.  In  the  spring  or 
early  summer  of  1891  the  defendant  commence<l  to  sink  a  perpendicular  shaft, 
known  as  the  "  Parker  shaft,**  10  by  20  feet  in  diameter,  and  after  jmssing 
through  a  small  amount  of  superincumbent  earth  struck  solid  limestone  rock. 
It  eontinueil  the  working  without  cessation  until  August  11,  1892,  when,  having 
attained  a  depth  of  500  feet  (many  feet  lower  than  the  l)e(J  of  the  Wallkill),  the 
workmen  struck  a  water-bearing  fissure  or  rent  in  the  rock,  which  instantly 
flooded  the  mine  and  drove  them  out.  Previous  to  that  time  they  had  encoun- 
tered small  seams  or  fissures  from  time  to  time,  producing  a  little  water  and 
sometimes  a  little  mud,  which  they  pumi)ed  up,  of  course,  carried  through  a 
trough  or  trunk  several  hundred  feet  westerly  toward  the  Wallkill  till  it  reached 
a  small  spring  nm,  where  it  was  discharged,  and  from  thence  it  ran  into  the 
Wallkill.  The  amount  of  water  up  to  August  was  small,  and  its  dis(»oloration 
was  slight,  so  that  it  was  not  felt  or  observed  by  complainants.  The  influx  in 
August,  1892,  was  discolored  by  a  fine  clay,  amounting  almost  to  a  pigment,  hav- 
ing a  high  reddish-yellow  tint  and  intermixed  with  a  small  quantity  of  very  flue 
sand.  This  water  rose  to  within  4^)  feet  of  the  surface,  and  resisttnl  all  attempts 
to  lower  it  by  the  pumps  then  in  use  and  until  very  large  and  heavy  i)umps  were 
Introduced.  This  was  done  in  September.  After  the  shaft  filleil  with  water 
there  was  no  further  movement;  it  became  i)erftH'tly  quiet,  and  the  clay  and 
sand  began  to  settle,  so  that  the  water  in  the  upi>er  reach  of  the  shaft  beciime 
comparatively  clear.  The  first  water  that  was  dischargtMl  after  heavy  pumping 
commenced  came  from  near  the  top  and  was  but  slightly  dis<-olored,  such  dis- 
coloration l)eing  due  to  the  disturban<-e  of  the  clay  and  sand  which  had  settled 
on  the  timl)erlng  of  the  shaft.  The  quantity  of  water  struck  in  the  fissure  was 
so  great  that  with  these  powerful  pumps  very  slow  advance  was  made,  the 
pumps  l)eing  lowere<l  from  time  to  time,  and  the  greater  the  depth  attained  the 
less  rapid  the  advance  and  the  greater  the  discoloration. 

On  about  the  1st  of  January,  189.S,  the  water  was  reductnl  to  a  depth  of  420 
feet  from  the  surface,  and  a  delay  there  occurre<l  of  alnnit  thrtv  wtH»ks.  caustnl 
by  the  necessity  'of  establishing  a  pumping  station  at  that  imint.  When  the 
rapid  pumping  commenced  again,  at  or  near  the  1st  of  February,  the  discharge 
wa«  much  discolored,  and  continued  growing  worse  and  worse  until  the  l)ottom 
was  reached,  and  there,  without  detailing  the  circumstances,  the  greatest  dis- 
coloration was  reached,  and  continued  during  the  month  of  March.  The  discol- 
oring clay  is  so  very  fine  in  its  texture  that  a  very  slight  movement  of  particles 
of  water  with  which  it  comes  in  c<»ntact  will  thoroughly  mix  it,  and  it  will  only 
subside  in  i)erfectly  still  water.  This  accounts  for  the  fact  that  it  did  not  fully 
subside  in  passing  through  complainants*  iK)nd,  which  is  quite  narrow,  so  that  it 
is  probable  that  the  volume  of  the  water  of  the  Wallkill  causes  ct)ntinu(Hl  motion 
throughout  its  length. 

After  the  shaft  had  been  entirely  pumped  out  and  the  volume  of  water  stored 
in  the  fissure  had  been  entirely  exhausted  and  the  flow  reduced  to  the  natural 
supply  of  the  fissure,  and  the  various  water  channels  which  had  been  created 
throughout  it  by  the  sudden  drawing  ott  of  the  water  had  arrive<l  at  what  the 
experts  call  an  "  angle  of  repose,"  so  that  no  further  scouring  resulted  from  the 
flow  of  the  ordinary  quantity  of  water,  there  was  no  discoloration  and  the  water 
ran  clear.  This  condition  was,  as  claimed  by  the  defendant,  reache<l  some  time 
!n  the  summer  of  1883,  and  the  case  shows  that  from  about  the  middle  of  April 
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or  the  l8t  of  May  till  about  the  middle  of  July  the  discolorations  were  temporary 
and  increasingly  infrequent,  and  usually  the  result  of  clearing  out  the  dlflferent 
settling  basins,  called  **  sinks,'*  which  had  been  established  In  the  rock  at  differ 
ent  iKiints  in  the  shaft.  Since  that  time  the  shaft  has  been  sunk  over  200  feei 
without  finding  any  more  water  or  fissures. 

The  proof  is  clear  that  the  result  of  the  contribution  of  this  discolored  water 
to  the  waters  of  the  river  was  to  render  tlie  mixture  wlien  it  reached  complain- 
ants' mill  unfit,  without  filtration,  for  use  in  making  white  paper. 

An  ingenious  ex|>erlment  was  made  by  an  expert,  as  follows :  He  ascertained, 
by  a  rough  measurement,  that  the  flow  of  tlie  river  was  about  forty  times  that  of 
the  output  from  the  mine,  and  he  took  a  jar  of  perfectly  clear  water  and  mixed 
with  it  one-fortieth  of  its  quantity  of  the  dirty  water  that  came  from  the  mine, 
and  exhibited  the  sample  to  show  to  what  a  slight  extent  it  was  discolored. 

The  dirty  water  which  he  used  had  been  confined  In  a  Jar  for  several  months, 
with  the  result  that  the  fine  particles  of  clay  had  partially  coagulated  and  gath- 
ered into  little  flakes,  and  when  shaken  up  did  not  produce  the  same  degree  of 
discoloration  as  exhibited  when  freshly  taken  from  the  running  stream.  But 
even  that  experiment  showed  that  the  result  of  so  slight  a  mixture  made  the 
whole  mass  palpably  roily.  In  jwlnt  of  fact,  as  shown  by  the  evidence  of  the 
expert  paper  makers,  a  very  small  admixture  of  mud  or  clay  will  render  the 
water  Improper,  without  filtration,  for  making  white  tissue  paper ;  and  the  effect 
of  that  evidence  is  that  the  river  in  Its  ordinary  clear  state  Is  no  clearer  than  is 
necessary  for  that  purpose.  A  very  small  admixture  of  coloring  or  dirty  matter 
renders  it  unfit  for  use. 

Several  matters  are  urged  In  defense  to  this  case.  First,  but  faintly,  that  tbe 
doctrine  finally  established  by  a  bare  majority  of  a  divided  court  In  Pennsylva- 
nia, In  Sanderson  r.  The  Coal  Company  (86  Pa.  St.,  401 ;  04  Pa.  St,  303 ;  102  Pa. 
St.,  370,  and  113  Pa.  St,  126),  should  be  adopted  here.  The  history  of  that  case. 
In  Its  various  phases.  Is  given  by  a  writer  In  the  American  Law  Register  (n.  s.), 
vol.  1,  p.  1  (1894).  It  was  an  action,  as  here,  by  a  riparian  proprietor  against  a 
mining  company  for  i)ollutlng  a  natural  stream  with  water  pumped  from  its 
mine.  After  three  decisions  by  the  sui)reme  court  of  Pennsylvania  In  favor  of 
the  plaintiff's  right,  that  court  finally  held  the  contrary  and  affirmed  the  right  of 
the  coal  company  to  discharge  its  acid  mine  water  Into  the  creek,  without  regard 
to  Its  effect  upon  lands  below,  upon  the  broad  ground  that  the  necessities  of  the 
mining  Interests  of  the  Commonwealth  required  It  This  result  was  attributed 
by  the  author  of  the  article  in  the  American  Law  Register  (pp.  5,  18),  in  part,  to 
a  lack  of  care  on  the  part  of  the  learned  Judge  who  prepared  the  first  prevailing 
opinion  (8(3  Pa.  St,  406).  The  doctrine  of  that  case  is  shown  by  that  writer  to 
be  inharmonious  with  a  long  line  of  previous  decisions  In  Pennsylvania,  and  has 
not  l)eeu,  so  far  as  I  can  learn,  followed  in  any  other  State— certainly  not  iu 
this  State.  It  was  repudiated  in  Ohio,  whose  mining  interests  are  quite  large. 
In  the  recent  and  well-considered  case  of  The  Columbus,  etc.,  Co.  v.  Tucker  (48 
Ohio  St,  41 ) .  I  refer  particularly  to  the  lucid  expressions  of  the  learned  Judge 
found  on  pages  58  und  62. 

It  was  not  suggested  on  the  argument  that  tlie  doctrine  ever  had  the  least 
foothold  in  this  State.  No  case  of  a  stream  fouled  by  mining  operations  has 
indeed  ever,  so  far  as  I  know,  been  presented  to  our  courts,  but  the  right  of  a 
riparian  proprietor  to  have  the  waters  of  the  stream  come  to  him  unchanged 
in  quality,  as  well  as  undiminished  in  quantity,  has  been  determined  In  the 
clearest  and  most  positive  manner.  In  fact,  the  doctrine  stated  so  tersely  by 
Chancellor  Kent  in  Gardner  v,  Newburgh  (2  Johns.  Cli.  162,  at  p.  166)— "A  right 
to  a  stream  of  water  is  as  sacred  as  a  right  to  the  soil  over  which  it  flows.    It 
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is  a  part  of  the  freehold  " — has  always  been  adhered  to  by  our  courts.  I  need 
refer  only  to  Holsman  r.  Boiling  Spring  Ca).  (1  MeCart.,  335),  and  Acquacka- 
nonk  Water  Co.  r.  Watson  (2  Stew.  Eq„  3GG).  In  the  last  case  the  right  was 
stated  by  the  learned  master  in  an  extremely  clear  and  comprehensive  manner, 
and  the  dec^'ee  advised  by  him  was  unanimously  affirmed  on  appeal,  for  the 
reasons  by  him  given. 

The  facts  of  that  case  are,  in  a  manner,  analogous  to  those  here  under  con- 
sideration. Watson  owned  and  operated  a  bleachery  which  required  for  use 
clear  and  pure  water,  which  he  obtained  from  a  small  stream  nmning  through 
his  land.  The  water  company,  desiring  to  supply  the  city  of  Passaic  with  pota- 
ble water,  proposed  to  take  this  small  stream  above  the  bleachery  and  substi- 
tute for  it  an  equal  or  greater  quantity  of  Passaic  River  water,  drawn  from  the 
Dundee  Canal  and  used  to  drive  its  pumps.  This  the  court  restrained,  on  the 
ground  that  the  substituted  water  was  not  of  equal  purity  with  that  abstracted. 

There  is  a  line  of  cases  of  pollution  by  mine  water  in  England  which  sustains 
the  general  doctrine.  Hodgkinson  r.  Ennor  (4  Best  and  S.,  220)  was  the  case,  as 
here,  of  a  paper  maker  against  a  miner  who  had  permitted  dirty  washings  of 
lead  ores  to  run  through  rents,  called  **  swallets,'*  In  limestone  rock  Into  a  sub- 
terraneous stream,  rendering  the  water,  which  in  its  course  came  to  plaintifTs 
paper  mill,  unfit  for  use  in  the  manufacture  of  paper,  and  the  action  was  sus- 
tained by  Chief  Justice  Cockbum  and  Justices  Blackburn  and  Mellor. 

Magor  r.  Chadwick  (11  Ad.  and  E.,  574)  was  a  suit  by  a  brewer  against  a 
miner. 

Pennington  v.  The  Brlnsop  Coal  Co.  (L.  R.,  5  Ch.  Dlv.  709)  (1877)  was  a  suit 
by  a  manufacturer  against  a  coal  miner,  where  the  only  allegation  of  injury  was 
that  the  acid  contributed  to  the  water  from  the  mine  rendered  it  less  fit  for  use 
in  the  engine  boilers  driving  the  machinery  of  the  plaintifTs  mill.  An  Injunc- 
tion was  allowed.  Defendant  relied,  without  success,  upon  the  ground  taken  In 
Sanderson  r.  The  Coal  Co.,  supra,  that  the  acid  could  not  l)e  removed  from  the 
water ;  that  there  was  no  means  of  remedying  the  evil,  and  an  Injunction  would 
absolutely  stop  its  work.  The  learned  Judge  (Fry)  refuse<l  even  to  exercise  the 
right  given  by  the  English  statute  to  give  damages  instead  of  an  injunction, 
relying  on  Clowes  r.  Staffordshire  Waterworks  (L.  R.,  8  Ch.  App.,  125)  (1873), 
and  he  declared  that  he  would  have  granted  the  injunction,  although  the  present 
damage  was  only  nominal,  because  of  the  injury  to  the  riparian  rights  of  the 
plaintiff,  and  such  is  the  doctrine  of  the  case  relied  on,  which  was  a  suit  by  a 
silk  dyeing  and  washing  establishment  against  a  waterworks  company  for  ren- 
dering the  water  coming  to  their  works  less  clear  and  imre. 

The  English  cases  dealing  with  i)ollutlon  by  mine  water  culminated  in  the 
case  of  Young  v.  Bankler  (L.  R.,  App.  Cas.,  601)  (1803),  In  the  House  of  Lords, 
on  appeal  from  Scotland.  The  case  wqs  argued,  elalx)rately,  of  c*ourse,  before 
six  law  lords,  whose  unanimous  Judgments  were  dellvere<l  after  consideration. 
The  riparian  proprietor  (Bankler),  the  plaintiff  there,  was  a  distiller,  and  used 
the  water  of  the  stream  In  his  distilling  process,  presumably  for  making  mash, 
for  which  it  was  peculiarly  fit  by  reason  of  its  softness.  The  added  mine  water 
did  not  render  it  unfit  for  ordinary  purposes — there  called  primary  puri>08es — 
but  by  reason  of  its  hardness  rendered  it  less  fit  for  distilling  purposes.  San- 
derson V.  The  Coal  Co.  was  cited,  but  the  court  repudiated  Its  doctrine  and  was 
unanimous  In  judgment  In  favor  of  the  resiwndent,  who  was  the  plaintiff  and 
bad  Judgment  below.  Lord  Macnaghten,  at  page  (KK),  says:  "Then  the  apiwl- 
lant  urged  (precisely  as  does  the  defendant  here)  that  working  coal  was  the 
natural  and  proper  use  of  their  mineral  property.  They  said  they  could  not 
continue  to  work  unless  they  were  permitted  to  discharge  the  water  which 
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accumulates  in  their  mine,  and  they  ad(le<l  that  this  water  course  is  the  natural 
and  proper  cliannel  to  carry  off  the  surplus  water  of  the  district.  All  that  may 
be  very  true,  Init  in  this  country,  at  any  rate,  it  is  not  permissible  in  such  a 
case  for  a  man  to  use  his  own  proi)erty  so  as  to  injure  the  property  of  his 
ueighl)or." 

There  are  numerous  English  cases  upon  the  general  right  of  a  riparian  propri- 
etor to  have  tlie  waters  of  his  stream  come  to  him  in  its  natural  condition,  of 
which  I  cite  Crossley  v.  Lightowler  (L.  U.,  3  Eq.  ('as.,  271);  2  C^han.  App.,  478) 
(18(;7)  ;  Attorney-(;eneral  r.  Lunatic  Asylum  (L.  U.,  4  Ch.  App.,  145)  (18«>S). 
Numerous  other  cases  will  be  found  cited  in  Gould,  Waters,  section  219,  and  In 
Higg.  Pol.  Waterc.  182  et  se<i. 

The  argument  was  advanced  by  the  defendant  that  the  use  of  the  defendant's 
proi)erty  for  mining  purposes  Is  wliat  was  termed,  unfortunately,  I  think,  by 
Lord  Calms,  in  Fletcher  r.  Hylands  (L.  K.,  3  II.  L.,  r«(),  at  pp.  8;W,  X^)  (18(58), 
a  natural  user,  and  similar  in  that  resi)e<'t  to  plowing  a  field,  and  that  if  it  be 
unlawful  for  defendant  here  to  cast  into  the  stream  the  muddy  waters  from  its 
mine  it  is  also  unlawful  for  the  farmer  to  i)low  his  land  and  allow  the  muddy 
water  which  runs  from  it  after  a  heavy  rain  to  reach  the  river.  But  the  very 
statement  of  tlie  two  cases  shows  the  al)sence  of  analogy  between  them.  In  the 
first  place,  the  water  from  the  plowed  field  comes  thereon  by  natural  causes 
beyond  the  farmer's  control  and  runs  l)y  gravity  to  the  stream,  while  in  the  case 
of  the  mine  the  water  is,  as  here,  flTund  and  raiseii  by  artificial  means  from  a 
level  far  below  that  of  the  river  and  would  never  reach  it  but  for  the  act  of  the 
miner,  and  in  the  se<*<md  place,  by  the  common  law  of  the  land  every  owner  may 
cultivate  his  land  without  regard  to  its  effects  upon  his  neighbor,  while  such  is 
not  the  law  as  to  mining.  The  supreme  court  of  Ohio,  in  Columbus  Company  r. 
Taylor  (48  Ohio,  41,  at  p.  58),  rei>udlates  the  notion  that  mining  was  a  natural 
use  of  the  land  In  the  sense  that  farming  Is. 

The  ground  of  a  reasonalde  natural  user  seems  to  l)e  at  the  Iwttom  of  what 
was  said  In  Merrlfield  r.  Worcester  (110  Mass.,  21(»)  uiKin  this  topic.  So  far  as 
the  expressions  there  used  favor  the  notion  that  a  city  or  town  may  collect  and 
discharge  sewage  matter  into  a  fresh-water  stream  to  the  Injury  of  a  riparian 
owner  wltliout  liability  to  action  tliey  are  contrary  to  the  law  as  held  In  Eng- 
land for  centuries.  S(*e  Illgg.  Pol.  Waterc,  127  et  seq.,  where  several  cases 
l>esides  these  above  cited  are  collei'ted. 

Eciually  untenable  is  another  imsltlon  advance<l  by  the  defendant,  viz,  that 
the  river  was  always  more  or  less  iH)lluted  by  contributions  from  other  mines 
and  from  the  washing  of  plowtnl  fields;  public  roads,  and  railroad  embank- 
ments. Such  Inslstments  have  been  frtniuently  made  and  always  overruled. 
The  cpiestlon  In  such  cases  sei»ms  to  Ik?  whether  the  stream  has  already  become 
so  far  poUutiHl  by  contributors  who  have  aciiuired  a  right  so  to  do  by  adverse 
use  or  otherwise  as  that  the  pollution  presently  opiX)sed  will  not  sensibly  alter 
its  condition.  And  even  In  such  a  case  the  courts  have  held  that  the  party  has 
the  right  to  deal  with  each  <»ontrlbutor  In  detail  and  to  buy  off  such  contributors 
as  have  a(*(iuire<l  a  right,  and  Is  not  obiigeil  to  submit  to  fresh  contributors. 
I  cite  the  following  authorities:  Ross  r.  Butler  (4  (\  E.  Gr.,  2!H,  at  p.  30(»)  ; 
Attorney-Ceneral  r.  Steward  (5  C.  E.  Gr.,  415,  at  p.  410),  where  the  learned 
chancellor  says :  **  The  defendants  have  no  right  to  i>ollute  or  corrupt  the  waters 
of  the  creek,  or  If  they  are  already  partially  poliute<l  to  render  them  more  so; " 
to  Cleveland  v.  The  (Jas  Co.  (5  C.  E.  (4r.,  2()1,  at  p.  208)  ;  and  to  Meigs  r.  Lister 
(8  C.  E.  Gr.,  109,  at  p.  205),  where  the  learned  chancellor  says:  **The  position 
talien  by  (^ounsel  that  the  complainants  were  entitled  to  no  relief  from  this 
nuisance  because  the  locality  was  surrounded  by  other  nuisances  and  dedicated 
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to  such  puri>o8es  has  no  foundation  in  law  or  in  fact  If  there  were  severa. 
nuisances  of  the  lilce  nature  surrounding  them,  they  must  seelc  relief  from  each 
separately.  They  can  not  be  Joined  in  one  suit  nor  need  the  suits  proceed  pari 
passu." 

In  Crossley  r.  Lightowler  (L.  R.,  2  Ch.  App.,  478,  p.  481,  1867)  Lord  Chelms- 
ford says :  "  But  the  defendants  contend  that  the  plaintiffs  have  no  right  to 
complain  of  any  pollution  of  the  Hebble  oc<*a8ioned  by  them,  bei^ause  there  are 
many  other  manufacturers  who  jjour  i>olluting  matter  into  the  stream  above  the 
plaintiffs'  works,  so  that  they  never  could  have  the  water  in  a  fit  state  for  use 
even  if  the  defendants  altogether  ceased  to  foul  it.  The  case  of  St.  Helen's 
Smelting  Co.  r.  Tipping  (11  H.  L.  Ch..  (M2;  11  Jur.  N.  S.,  785),  is,  however,  an 
answer  to  this  defense.  Where  there  are  many  existing  nuisances,  either  to  the 
air  or  to  water,  it  may  be  very  difficult  to  trace  to  its  source  the  injury  occa- 
sioned by  any  one  of  them ;  but  if  the  defendants  add  to  the  fonner  foul  state 
of  the  water  and  yet  are  not  to  be  resi)on8ible  on  account  of  its  previous  condi- 
tion, this  consequence  would  follow  that  if  the  plaintiffs  were  to  make  terms 
with  the  other  polluters  of  the  stream  so  as  to  have  water  free  from  impurities 
produced  by  their  works,  the  defendants  might  say,  *  We  began  to  foul  the 
stream  at  a  time  when,  as  against  you,  it  was  lawful  for  us  to  do  so,  inasmuch 
as  it  was  unfit  for  your  use,  imd  you  can  not  now,  by  getting  rid  of  the  exist- 
ing pollutions  from  other  sources,  prevent  our  contiiming  to  do  what,  at  the 
time  when  we  began,  you  had  no  right  to  objei't  to.'*'  (Attorney-General  v. 
Lunatic  Asylum,  4  Ch.  App.,  145,  p.  150,  report  of  the  exi)ert,  and  p.  155.) 

In  Attorney-General  v.  Leeds  (L.  II.,  5  Ch.  App.,  58.S,  p.  595,  1870)  the  lord 
chancellor  says :  "  I  think  the  argument  dwluced  from  the  foul  state  of  the 
water  before  it  gets  to  Leeds  Is  not  deserving  of  any  weight  for  two  reasons: 
First — and  it  is  hardly  disputed — the  evil  did  become  seriously  aggravated 
when  the  new  sewer  was  oi)ened — that  is  to  say,  sixteen  or  seventeen  years 
ago ;  and,  secondly,  the  nuisance  might  terminate ;  and  no  one  can  say  it  was 
right  that  when  one  nuisance  terminates  there  should  be  another  brought  into 
existence." 

The  sensible  and  material  increase  in  the  discoloration  of  the  water,  in  this 
ease  resulting  from  the  contribution  of  the  defendant's  mine,  is  clearly  proved. 
The  complainant  was  able  to  make  white  paper  successfully  and  satisfactorily 
from  February  1,  1802,  for  nearly  a  year,  and  until  the  serious  discharge  of  dis- 
colored water  from  the  defendant's  shaft,  in  January,  1803;  and  they  were  also 
able  to  make  such  pai>er  after  the  discolored  water  ceased  to  run,  in  June  or 
July,  1893.  During  the  intermediate  i)eriod,  while  the  discoloration  of  the  water 
being  discharged  from  the  defendant's  mine  was  the  greatest,  complainant  could 
not  make  white  pai)er  satisfactorily. 

In  whatever  point  of  view  the  complainant's  case  is  considered  it  seems 
entirely  clear  and  free  from  doubt  I  can  not  think  the  least  doubt  is  cast  upon 
the  law  by  the  last  decision  in  the  Sanderson  case,  in  Pennsylvania,  and  the 
facts  of  the  case  are  substantially  undisputed.  The  complainants'  title  and  pos- 
session of  the  ripa,  though  put  in  issue  by  the  answer,  is  established  by  the 
proofs  and  was  finally  admitted  at  the  hearing.  Their  right  to  have  the  water 
come  to  them  in  its  natural  condition  follows  inevitably.  (Holsman  v.  Boiling 
Spring  Co.,  1  McCart.,  335,  at  p.  343,  bottom,  and  cases  there  cited.)  The 
learned  chancellor  there  says :  **  Where  the  complainant  seeks  protection  in 
the  enjoyment  of  a  natural  water  course  upon  his  land,  the  right  will  ordi- 
narily be  regarded  as  clear.  And  the  mere  fact  that  the  defendant  denies  the 
right  by  his  answer  or  sets  up  title  in  himself  by  adverse  user  will  not  entitle 
him  to  an  Issue  before  the  allowance  of  an  injunction." 
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There  can  be  no  doubt  that,  upon  the  tacts  presented,  it  would  be  the  duty 
of  a  judge  .to  direct  a  verdict  and  the  rule  adopted  by  the  court  of  errors  and 
appeals  In  Illggins  r.  The  Water  C'o.  (0  Stew.  Eq.,  538)  applies.  I  refer  to  the 
language  of  the  chief  justice  on  page  r>44  et  seq. 

The  jurisdiction  of  this  court  to  adopt,  on  final  hearing,  the  extreme  remedy 
of  an  injunction  in  this  class  of  cases,  when  the  right  is  clear,  is  well  estab- 
lished, not  only  by  the  case  just  cited,  but  by  Acquackanonk  Water  CJo.  r. 
W^atson,  supra,  which  was  decided  by  the  court  of  errors  and  appeals,  and  by 
Holsman  t\  Boiling  Si)rlng  Co.,  supra,  decided  by  Chancellor  Green,  and  by 
Shields  r.  Arndt  (3  Or.  Ch.,  234),  and  by  Carlisle  r.  Cooi>er  (0  C.  E.  Gr.,  576). 

It  was  suggesteil  that  in  this  case  no  Injunction  should  be  ordered,  but  that 
the  complainants  should  be  left  to  their  action  at  law  for  damages.  1  am 
unable  to  adopt  that  view.  It  must  now  be  considered  as  settled  law  In  this 
State  that  the  maintenance  of  a  nuisance  of  the  kind  here  in  question  Is,  In 
effect,  a  taking  of  proi)erty.  Pennsylvania  Railroad  Co.  r.  Angel  (14  Stew.  Eq., 
310,  p.  329),  where  Judge  Dixon,  si>eaklng  for  the  court  of  errors  and  api)eals, 
says:  "This  principle  rests  upon  the  express  terms  of  the  Constitution.  In 
declaring  that  private  property  shall  not  be  taken  without  recompense,  that 
instrument  secures  to  owners  not  only  the  possession  of  property,  but  also 
those  rights  which  render  possession  valuable.  Whether  you  flood  the  farmer's 
fields  so  that  they  can  not  be  cultivated,  or  pollute  the  bleacher's  stream  so 
that  his  fabrics  are  stained,  or  fill  one's  dwelling  with  smells  and  noise  so  that 
It  can  not  be  occupied  in  comfort,  you  equally  take  away  the  owner's  property. 
In  neither  instance  has  the  owner  any  less  of  material  things  than  he  bad 
before,  but  In  each  case  the  utility  of  his  property  has  been  Impaired  by  a 
direct  Invasion  of  the  bounds  of  his  private  dominion.  This  is  the  taking  of 
his  proi)erty  in  a  constitutional  sense.  Of  course,  mere  statutory  authority 
will  not  avail  for  such  an  interference  with  private  property.  This  doctrine 
has  been  freiiuently  enforced  In  our  courts,"  and  he  proceeds  to  cite  previous 
authorities  In  the  same  court.  If  this  be  so,  then  the  legislature  has  no  power 
to  authorize  the  maintenance  of  a  nuisance  for  the  promotion  of  private  objects, 
even  ui)on  terms  of  making  compensation ;  for  no  authority  Is  necessary  for 
the  position  that  the  legislature  Is  powerless  to  enact  a  law  declaring  that 
defendant  may  have  complainants'  mill  and  water  power  ui)on  terms  of  paying 
them  what  a  court  may  ascertain  it  Is  worth.  And  I  am  unable  to  distinguish 
such  action  and  that  of  leaving  complainants  to  the  remedy  of  repeated  actions 
at  law  to  recover  damages  as  often  as  they  are  sufl^ered.  In  this  respect  our 
system  of  laws  varies  from- that  of  England,  where  Parliament  Is  omnlix>tent 
and  Is  not  confined  to  the  mere  making  of  laws — the  true  function  of  a  legis- 
lature— but  may  take  private  projierty  for  private  purposes,  with  or  wltliout 
making  compensation,  the  only  restraint  ui)on  its  power  being  Its  own  innate 
sense  of  justice.  Hence  the  English  courts  are  authorized,  in  eases  of  certain 
nuisances,  to  give  damages  once  for  all  instead  of  an  injunction. 

The  result  of  my  consideration  of  the  subject  Is  that  there  Is  no  principle 
which  will  sustain  a  court  of  equity  in  refusing  an  Injunction  against  the  main- 
tenance of  an  established  continuing  nuisance  and  leaving  the  Injured  party  to 
his  remedy  at  law.  To  do  so  Is,  In  effect,  to  permit  a  party  to  take  his  neighbor's 
land  for  his  own  use  upon  terms  of  making  such  compensation  as  a  Jury  siiall 
assess.    This  Is  inadmissible. 

The  object  and  oflftce  of  a  verdict  and  judgment  at  law  Is  to  establish  the  right 
and  give  comi)ensatlon  for  past  injuries.  The  right  l)elng  once  made  clear, 
whether  by  Judgment  at  law  or  upon  Incontrovertible  rules  of  law  and  well- 
established  facts,  the  remedy  in  equity  by  Injunction  to  prevent  future  injury  Is 
a  matter  of  right,  and  the  relief  can  not  be  refused. 


Digitized  by  CjOOQIC 


GOODBLL.1  RESTRICTIONS   OF   COMMON    LAW.  19 

The  grouDd,  however,  mainly  relied  upon  by  defendant  is  that  the  proofs  show 
that  the  nuisance  has  entirely  al^ated  and  that  there  is  no  danger  of  its  recur- 
rence, and  hence  an  injunction  is  unnecessary  and  improper. 

At  about  the  time  the  injunction  was  issued — July  17,  1893 — defendant  pur- 
chased a  small  tract  of  land  skirting  the  railroad,  between  the  shaft  and  the 
river,  and  established  on  it  a  settling  basin,  into  which  the  mine  water  was 
turned  and  given  opportunity  for  subsidence  before  reaching  the  river.  The 
result  was  that  it  was  substantially  clear,  and  no  further  injury  has  been  since 
felt  at  the  paper  mill.  It  is  also  in  proof  that  from  that  time  up  to  July,  1804,  the 
water  was  usually  clear  when  it  came  from  the  mine.  At  the  sessions  of  Decem- 
ber 27  and  December  28,  1893,  Professor  Nason,  a  comi)etent  geologist  and  min- 
ing expert,  testified  that,  in*hi8  opinion,  no  further  clay  and  water-bearing  seams 
or  rents  would  be  met  in  the  course  of  defendant's  mining  operations,  and  that 
the  rent  which  had  given  so  much  trouble  had,  by  natural  causes,  be<*ome  harm- 
less. It  was  not  suggested  that  all  or  any  large  proiwrtlon  of  the  discolored  clay 
deposit  had  l)een  removed,  but  the  theory  was  that  the  descending  water  had 
worn  channels  in  the  clay,  resulting  in  little  rivulets  centering  at  the  section  by 
the  shaft,  and  that  the  scouring  power  of  the  water — that  Is,  Its  power  to  bring 
down  clay — had  ceased  by  reason  of  the  clay  banks  and  beds  of  the  little  rivulets 
having  arrived  at  an  **  angle  of  rei)ose.**  The  stability  of  this  state  of  aflPairs 
depends,  of  course,  upon  the  uniformity  of  the  flow  of  water,  both  as  to  quantity 
and  source  of  inflow,  and  Professor  Nason,  on  cross-examination,  admitted  some 
uncertainty  In  this  respect.  After  his  examination  and  the  close  of  the  evidence 
on  both  sides,  and  before  the  argument,  viz,  about  July  IG,  1894,  an  unexpected 
influx  of  muddy  water  occurred,  due  to  an  overflow  from  a  flume  carrying  water 
from  the  neighboring  mine  of  the  I^high  Zinc  and  Iron  C'ompany,  which  found 
Its  way  Into  the  seam  or  rent  at  a  point  where  It  came  to  the  surface,  about 
1,800  feet  from  the  Parker  (defendant's)  shaft.  This  opening  was  a  surface 
Assure  or  swallet  In  the  rock— quite  common  where  limestone  rocks  come  to  the 
surface.  In  this  case,  as  I  understand  Professor  Nason,  he  did  not  suppose  or 
infer,  from  the  trend  of  the  Assure,  that  It  reached  the  surface  In  that  neighbor- 
hood, but  such  was  the  fact.  It  was  promptly  stopiied  by  defendant  and  Ailed 
up,  so  as  to  prevent  any  more  water  getting  in  at  that  point. 

Now,  it  seems  to  me  that  this  occurrence  shows  the  Impossibility  of  affirming 
that  there  will  be  no  further  Incursions  of  muddy  water.  It  Is  true  that  with  the 
continued  use  of  the  settling  ground  no  Injury  will  probably  result  to  complain- 
ants from  such  an  Irruption.  I  say  **  probably,"  because,  In  case  of  a  sudden 
irruption  of  discolored  water,  the  quantity  might  be  so  great  as  to  overwork  the 
present  settling  basin.  But  without  a  decree  and  injunction  the  defendant  will 
be  at  liberty  to  discontinue  Its  use  and  permit  any  muddy  water  that  may  api)ear 
to  flow  into  the  Furnace  Pond  as  of  old. 

At  the  time  the  complainants  filed  their  bill  the  injury  was  serious  and  contin- 
uous. The  defendant  positively  declined  to  stop  It,  but  claimed  the  right  to  con- 
tinue it  To  complainants'  bill  was  Interposed  a  general  denial,  and  setting  up  a 
right  to  persist  In  the  injury  as  long  as  its  necessities  re<iulred.  On  all  these 
Issues  the  defendant  Is  beaten.  The  complainants  have  established  their  case, 
and  It  would  seem  to  be  a  most  lame  and  lmi>otent  conclusion  to  refuse  to  give 
them  the  very  relief  prayed  for,  viz,  a  i)eri)etual  injunction.  I  am  unable  to 
imagine  any  other  decree  In  their  favor  which  would  adequately  meet  the  case 
and  give  them  the  Just  fruits  of  their  suit ;  and,  surely,  if  there  Is  no  danger  of 
further  discoloration  the  Injunction  will  do  the  defendant  no  harm,  but  will  be 
of  value  as  a  muniment  of  title  to  the  complainants'  property.  The  language 
of  Lord  Justice  Turner,  In  Goldsmld  r.  Tunbrldge  Wells  (Commissioners  (L.  R., 
1  Ch.,  App.,  349,  p.  365),  applies:  "  In  this  particular  case  I  think  that  regard 
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must  be  had  not  merely  to  tlie  comfort  or  convenience  of  the  occupier  of  the 
estate,  which  may  only  Ik*  Interfered  with  temporarily  and  In  a  partial  degree, 
but  that  regard  must  also  l>e  had  to  the  etfiK't  of  the  nuisance  upon  the  value  of 
the  estate  and  upon  the  prosi)ect  of  dealing  with  it  to  advantage;  and  I  can  not 
but  think  that  the  value  of  this  estate,  and  the  prosi)ect  of  advantageously 
dealing  with  it,  is  and  will  l)e  aflFect(Hl  by  the  continuance  of  this  nuisjince/* 

But  the  defendant  further  urges  that  the  complainants  have  manifested  a  dis- 
position to  make  an  unreasonably  harsh  and  oppressive  use  of  their  rights  in  the 
premises,  and  have  thereby  weakened  their  standing  in  equity  and  disentitled 
them  to  the  extreme  dtn-ree  asked  for. 

In  the  month  of  March,  ISO.'i,  while  the  outflow  from  the  mine  was  at  its 
worst,  negotiations  t(M)k  place  between  tlie  parties  for  some  sort  of  settlement 
and  a  filter  was  mentionetl.  The  complainants  offered  to  be  satisfied  if  defend- 
ant would  furnish  them  with  a  filter  of  proi>er  size,  which  they  said,  and  about 
which  there  is  no  dispute,  would  cost  $5,000.  The  defendant  offered  to  pay  one- 
half  of  the  expense  of  the  filter,  the  same  to  he  In  full  compensation  for  all 
damages  up  to  the  time  It  was  furnished,  which  offer  the  complainants  refused 
to  accept.     I  can  st»e  nothing  harsh  or  oppressive  in  that  refusal. 

Next,  and  after  bill  filed,  as  I  now  recolle<*t.  defendant  made  an  arrangement 
with  the  tenant  of  a  gristmill,  located  ui)on  a  little  stream  which  empties  into 
the  Furnace  Pond,  for  a  riglit  to  divert  water  from  the  mill  and  carrj'  it  by  a 
flume  several  hundred  fet»t  down  to  the  complainants'  works  and  furnish  them 
with  clear  water  from  that  stream.  Complainants  employed  an  expert  to 
examine  the  stream  and  st»e  whether  it  would  supply  suflilcient  water  for  tbeir 
pai)er  engines,  with  the  result  that  they  were  Informed  and  believed  that  it  was 
not  sufficient,  and  declined  to  accept  It  as  a  substitute  for  the  river  water.  The 
defendant,  nevertheless.  In  the  face  of  complainants*  refusal,  built  the  flume — a 
mere  wooden  trough,  set  uiM)n  l>enches  and  trestles — along  the  surface  of  the 
ground  down  to  the  mill  yard  of  the  complainants.  The  complainants  refused  to 
allow  it  to  be  put  acrass  their  mill  yard,  because  it  would  prevent  them  from 
having  access  to  their  works  and  from  free  passage  with  carts  and  wagons  from 
one  part  to  the  other,  and  said  that  anything  of  that  kind  must  be  put  under- 
ground in  iron  i)ii)es.  But  the  radical  difficulty  with  that  movement  on  the  part 
of  the  defendant  was  that  the  right  to  the  use  of  the  water  was  merely  obtained 
temporarily  from  a  mere  tenant  of  the  mill  property,  and  did  not  give  the  com- 
plainants any  i)ermauent  right  to  the  flow  of  the  stream,  even  If  It  had  l>een 
large  enough  for  their  pur[)oses.  I  can  see  nothing  harsh  or  oppressive  In  com- 
plainants* action  in  refusing  this  offer  of  substitution.  They  not  only  had  the 
strict  right  in  law  to  refuse  to  accept  them,  but  their  conduct  In  so  doing,  in  my 
judgment,  was  not  inequitable. 

I  shall  advise  a  decree  establishing  the  complainants*  right  to  the  flow  of  the 
stream  in  Its  natural  condition  and  an  injunction  with  costs. 

MISSOURI  V.   ILLINOIS  ET  AL. 

A\Tiere  an  injurious  act  in  one  State  is  so  far-reaching  in  its  injuri- 
ous consequences  as  to  threaten  the  rights  of  property  and  the  health 
of  a  large  nuinl>er  of  citizens  in  another  State,  the  latter  State  may 
become  a  party  complainant  in  the  Supreme  Court  of  the  United 
States  to  enforce  the  legal  remedies  of  its  citizens  for  such  injuries. 
(Missouri  v.  Illinois  et  al.  (U.  S.  Supreme  Court,  October  term, 
1900),  180  U.S.,  208.) 
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This  was  a  case  in  which  the  State  of  Missouri  sued  to  restrain  the 
State  of  Illinois  and  the  Sanitary  District  of  Chicago  from  carrying 
the  sewage  of  Chicago  through  an  artificial  channel  to  the  Mississippi 
River.  The  right  of  the  State  of  Missouri  to  protect  its  citizens  by 
this  action  and  to  implead  the  State  of  Illinois  as  a  party  defendant 
and  to  have  an  injunction  against  the  defendants  in  case  the  facts 
alleged  in  its  bill  should  be  established  was  upheld  by  a  divided  court 
in  overruling  a  demurrer  to  the  bill.  The  defendants  have  answered, 
but  at  the  time  of  the  present  writing  the  final  hearing  has  not  been 
reached. 

BIGHTS  OF  BIPABIAN   OWNERS  IN   ABID  AND   MINING   STATES. 

In  certain  of  the  arid  and  mining  States  of  the  West  the  doctrine 
of  riparian  rights  has  been  in  whole  or  in  part  abrogated  by  what  is 
known  as  the  doctrine  of  prior  appropriation.  Where  the  latter  doc- 
trine prevails  the  rights  of  riparian  owners  as  given  above  do  not 
exist,  and  where  the  doctrine  of  prior  appropriation  hais  been  adopted 
in  part  the  rights  of  appropriators  to  some  extent  supersede  the 
rights  of  riparian  owners.    . 

"Appropriation  "  is  an  actual  use  of  the  water  for  a  beneficial 
purpose  by  a  person  having  the  right  to  make  such  use,  i.  e.,  by  any 
person  having  lawful  access  to  the  water.  The  appropriator,  by  the 
fact  of  appropriation,  acquires  the  right,  as  against  riparian  owners, 
to  use  the  water  in  the  state  and  condition  and  to  the  extent  necessary 
for  the  purpose  for  which  he  has  appropriated  it.  Subsequent  appro- 
priators also  acquire  rights,  but  such  are  subordinate  to  the  rights  of 
the  prior  appropriator. 

The  doctrine  of  prior  appropriation  has  been  adopted  to  the  extent 
indicated  in  the  States  mentioned  below : 

Arizona: 

Clough  V.  Wing.  17  Pac.  Rep.,  453. 
Colorado : 

•*  The  right  to  divert  unappropriated  waters  of  any  natural  stream  shaU 
never  be  denied."    Const,  Art  XVI.  sec.  (5. 

Wheeler  r.  Northern  Colorado  I.  Co.,  10  Col.,  582. 

3  Am.  St.  Rep.,  603 ;  17  Pac.  Rep.,  487. 
Idaho : 

Constltntion  of  1889,  Art.  XV,  sec.  3. 

Wilterding  v.  Green,  45  Pac.  Rep.,  134 ;  4  Idaho,  773. 

Montana : 

Constitution,  Art  III,  sec.  15. 

Smith  V.  Denniff,  24  Mont,  20. 

81  Am.  St  Rep.,  408;  60  Pac.  Rep.,  398;  50  L.  R.  A.,  741. 

Nevada : 

Reno  Smelting,  etc.,  Works  v.  Stevenson,  20  Nev.,  269. 
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New  Mexico : 

Compiled  Laws  of  New  Mexico,  sec.  23. 

Albuquerque  Land  and  Irr.  Co.  v.  Gutierrez,  61  Paa  Rep.,  357. 
North  Dakota : 

Springville  v.  Fullmer,  7  Utah,  450. 

Stowell  r.  Johnson,  7  Utah,  215. 
Wyoming: 

Farm  Investment  Co.  v.  Carpenter,  9  Wyo.,110;  50  L.  R.  A.,  747;  61  Pae, 
Rep.,  288. 

In  California  the  common  law  as  to  riparian  rights  seem.s  to  pre- 
vail, except  as  to  rights  acquired  by  appropriation  upon  public  lands 
made  before  any  riparian  owner  has  acquired  title  to  lands  below. 
(Lux  V.  Ilaggin,  69  Cal.,  254.) 

In  Oregon  the  right  of  appropriation  is  confined  to  such  rights  as 
were  acquired  before  Washington  became  a  State,  under  an  act  of 
Congress  passed  in  18G6.  (Simmons  v.  Winters,  21  Oreg.,  35;  28 
Am.  St.  Rep.,  727;  27  Pac.  Rep.,  7.) 

In  Washington  the  right  of  appropriation  seems  to  be  recognized, 
at  least  as  to  the  portion  east  of  the  Cascade  Mountains  in  that  State, 
but  not  as  against  settlers  who  have  obtained  riparian  rights  before 
the  appropriation. 

Isaacs  i\  Barber,  30  L.  R.  A.,  605. 

10  Wash.,  124 ;  45  Am.  St.  Rep.,  772. 

38  Pae.  Rep..  871. 

Benton  r.  Jolmcox,  39  L.  R.  A.,  107 ;  17  Wash.,  277. 

61  Am.  St.  Rep.,  912 ;  49  Pae.,  495. 

In  several  of  the  arid  or  partly  arid  States  not  included  in  the 
above  list  the  riparian  owner  holds  subject  to  the  right  of  those  own- 
ing above  him  to  a  reasonable  use  of  the  water  for  irrigation 
purposes. 

Rhodes  v.  Whitehead,  27  Tex.,  309 ;  84  Am.  Dec.,  031. 

Tolle  V.  Carreth,  31  Tex.,  362 ;  98  Am.  Dec.,  540. 

Fleming  v.  Davis,  37  Tex.,  173. 

Balier  v.  Brown,  55  Tex.,  377. 

Mud  Creelv  Irr.,  etc.,  Co.  v,  Vivian,  74  Tex.,  170 ;  11  S.  W.  Rep..  1078.  . 

Barrett  v,  Metcalf,  12  Tex.  Civ.  App.,  247;  33  S.  W.  Rep.,  758. 

So  far  as  the  doctrine  of  prior  appropriation  is  recognized,  the 
rights  of  riparian  owners  are  pro  tanto  extinguished.  In  such  States, 
therefore,  the  general  statements  already  given  require  modification. 

In  States  where  the  doctrine  of  prior  appropriation  is  established 
it  may  be  safely  asserted : 

1.  That  the  riparian  owners  can  not  complain  of  pollution  so  far 
as  such  pollution  necessarily  results  from  the  use  for  which  the 
appropriator  has  appropriated  the  water. 

2.  That  no  person,  except  a  prior  appropriator,  may  pollute  the 
stream  so  as  to  render  the  water  less  fit  for  use  by  one  who  has  law- 
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fully  appropriated  it,  and  such  prior  appropriator  can  not  so  pollute 
the  water  by  a  subsequent  appropriation  to  a  new  use. 
Falrplay  Hydraulic  Mining  Co.  v,  Weston,  29  Colo.,  125. 

3.  No  appropriator  or  other  person  may  pollute  waters  to  the 
extent  of  creating  a  public  nuisance. 

Woodruff  i\  North  Bloomfield  Gravel  Mining  Co.,  8  Lawy.,  G28;  IG  Fed. 

Rep.,  25 ;  9  Lawy.,  441 ;  18  Fed.  Rep.,  753. 
People  t\  Gold  Run  Ditch,  etc.,  Co.,  66  Cal.,  138 ;  56  Am.  Rep..  80 ;  4  Pac. 

Rep.,  1152. 
Carson  v,  Hayes,  39  Oreg.,  97 ;  65  Pac.  Rep.,  814. 
Suffolk  Gold  Min.  and  Milling  Co.  t\  San  Miguel  Consd.  Mining  and  Milling 

Co.,  9  Colo.  App.,  407 ;  48  Pac.  Rep.,  828. 
Nixon  t'.  Bear  River  and  A.  Water  Co.,  24  Cal.,  367;  85  Am.  Dec.,  69. 
Levaroni  v.  Miller,  34  Cal.,  231 ;  91  Am.  Dec.,  692. 

Yuba  Lake,  etc.,  Co.  v.  Yuba  Co.,  Super.  Ct..  66  Cal.,  311 ;  5  Pac.  Rep.,  490. 
McLaughlin  v.  Del  Re.  71  Cal.,  230;  16  Pac.  Rep.,  881. 

B.  RIGHTS  OF  THE  PUBLIC  (aS  DISTINGUISHED  FROM  INDIVIDUAL 
owners)  TO  HAVE  INLAND  WATERS  KEPT  FREE  FROM  POLLUTION  BY 
RIPARIAN  OWNERS  OR  OTHERS. 

Whenever  the  pollution  of  a  stream  or  other  body  of  water  injuri- 
ously affects  the  health  or  materially  interferes  with  the  peace  and 
comfort  of  a  large  and  indefinite  number  of  people  in  the  neighbor- 
hood, such  pollution  becomes  what  is  known  as  a  public  nuisance. 
But,  except  under  such  circumstances,  the  public,  as  such,  has  no 
standing  to  prevent  the  pollution  of  waters.  When,  however,  there 
is  a  public  or  quasi-public  ownership  of  the  banks  of  a  stream,  as  u 
the  case  of  a  source  of  water  supply  owned  by  a  municipality  or 
owned  by  a  company  which  supplies  the  inhabitants  of  a  munici- 
pality with  water,  the  public  is  interested  in  the  enforcement  of  the 
rights  of  riparian  proprietors,  as  stated  under  heading  "A." 

\^^lere  there  is  a  public  nuisance  caused  by  the  pollution  of  water, 
it  is  the  duty  of  public  authorities  to  cause  its  abatement,  and  their 
right  to  do  so  has  been  sustained  in  numerous  cases.  Where  the 
public  is  injured  in  its  capacity  of  riparian  owner  the  remedy  is 
either  by  injunction  or  by  criminal  proceedings,  according  to  the 
nature  of  the  wrong  and  the  laws  and  practice  of  the  jurisdiction  in 
which  the  offense  occurs. 

The  following  are  cases  in  which  the  pollution  of  water  has  been 
held  to  be  a  public  nuisance : 

Board  of  Health  v,  Casey,  3  N.  Y.  S.,  399. 

People  V,  Elk  River  Mill  and  Lumber  Company,  107  Cal.,  214. 

State  V.  Taylor,  29  Ind.,  517. 

Greene  v,  Nunnemacber,  36  Wis.,  50. 
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C.  CONDITIONS  UNDER  WHICH,  AND  EXTENT  TO  WHICH,  PUBLIC  MUNICI- 
PALITIES MAY  USE  INLAND  WATERS  IN  DISPOSING  OF  SEWAGE  FROM 
PL^LIC  SEWERS. 

This  subject  has  but  recently  been  receiving  attention  from  the 
courts.  It  seems  to  have  been  the  custom  of  municipalities  to  dis- 
charge their  sewers  freely  into  the  larger  streams,  and  until  within 
the  last  few  years  but  little,  if  any,  objection  to  the  practice  has 
found  its  way  into  the  courts.  Latterly  the  increase  of  population, 
with  the  consequent  increase  of  the  amount  of  sewage  matter  so  dis- 
charged, has  brought  about  a  condition  of  affairs  that  has  produced 
opposition  and  in  many  cases  litigation.  The  principles  established 
by  the  decisions  thus  made  necessary  are  briefly  summarized  as 
follows : 

Municipalities,  if  riparian  owners,  have  the  same  rights  and  are 
subject  to  the  same  restrictions  in  the  use  and  treatment  of  the  water 
flowing  over  their  lands  as  private  owners  are — i.  e.,  they  may  deposit 
sewage  and  other  filth  in  such  waters,  provided  always  that  by  so 
doing  they  cause  no  injury  to  property  below  them.  They  maj^ 
drain  the  surface  water  from  their  streets  into  water  courses,  with 
the  impurities  which  it  naturally  carries,  provided  they  do  not 
thereby  increase  the  flow  of  water  into  the  stream  so  as  to  exceed 
the  capacity  of  the  channel  to  the  injury  of  property  below. 

Brainerd  r.  Newton,  154  Mass.,  255 ;  27  N.  E..  905. 
Cone  V.  Hartford,  28  (^oun.,  363. 

Where  municipalities  are  expressly  authorized  by  statute  to  con- 
struct a  system  of  sewerage,  and  to  cause  the  sewage  matter  to  be 
discharged  into  any  particular  waters,  the  statutory  authority  is  to 
be  exercised  subject  to  the  implied  condition  that  such  discharge  will 
not  constitute  a  nuisance.  Legislative  authority  can  go  no  further 
than  to  authorize  municipalities  to  acquire  the  rights  of  lower  owners 
by  purchase  or  condemnation,  because  of  the  constitutional  restric- 
tion against  taking  private  property  for  public  use  without  just 
compensation. 

It  will  thus  he  seen  that  the  increase  of  population  under  the  pres- 
ent conditions  and  with  the  now  prevalent  methods  of  sewage  disposal 
in  cities  is  rapidly  leading  to  a  condition  of  affairs  which  will  call 
for  radical  changes.  Many  cities  will  find  themselves  unable  to  dis- 
pose of  their  sewage  matter  by  means  of  rivei*s  without  enormous 
expense,  and  probably  not  without  additional  legislation.  As  will 
be  seen  hereafter,  the  subject  is  already  receiving  serious  attention 
from  legislators. 
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CITATION   OF   CASES. 

The  following  cases  will  be  found  to  sustain  the  general  principles 
above  stated : 

English : 

Goldsmid  v,  Tunbrldge  WeUs  Imp.  Com.,  L.  R.,  1  Chan.  App..  349. 

Holt  r.  Rochdale,  L.  R.,  10  Eq.  Cases,  354. 

Attorney-General  r.  Leeds,  L.  R.,  5  Chan.  App.,  583. 

Attorney-General  r.  Richmond,  L.  R.,  2  Eq.  Cases,  306. 

Attomey-CJeneral  i\  Hackney  Local  Board,  L.  R.,  20  Eq.  Cases,  626. 

Attorney -General  r.  Coclcermouth  Local  Board,  L.  R.,  18  Eq.  Cases,  172. 

Attorney-General  r.  Luton  Ix)cal  Board,  2  Jurist,  180. 

Attorney-General  r.  Halifax,  39  L.  J.  (N.  S.),  129. 

North  Staffordshire  R.  R.  Co.  r.  Tunstall  Local  Board,  39  L.  J.,  Chan.,  131. 

Attorney-General  r.  Kingston  on  Thames,  34  L.  J.,  481. 

Attorney-iieneral  v.  Basingstoke,  45  L.  J.  (N.  S.),  726. 

Attorney -General  r.  (^olney  Hatch  Lunatic  Asyium,  L.  R.,  4th  (^h.  Div.,  146. 

Attorney -General  r.  Birmingham,  4  Kay  &  Johns.,  528. 

Attorney-General  r.  Metroi)olitan  Board  of  Works,  1  H.  &  M.,  298. 

Bidder  v.  Croyden  I^ocal  Board,  6  L.  T.,  778. 

Manchester,  etc..  Railway  Co.  r.  Worksop  Board  of  Health,  23  Beav.,  198. 

Oldaker  r.  Hunt,  6  De  Gex,  McN.  &  G.,  376. 
Alabama : 

Birmingham  v.  Land,  ,374  So.  Rep.,  613. 
California : 

People  r.  (Mty  of  San  Luis  Obispo,  116  Cal.,  617. 

Peterson  r.  City  of  Santa  Rosa,  51  Pac.  (Cal.),  557. 
Connecticut : 

Morgan  r.  Danbury,  67  Conn.,  484. 

Nolan  r.  New  Britain.  69  Conn.,  (MJ8. 
(See  extracts  from  opinions  in  the  Conn,  cases  given  below.) 
(Georgia : 

Columbia  Av.  Savings  Fund,  etc.,  (^o.  r.  Prison  Commission  of  Georgia,  92. 

Fed.  Rep.,  801  (Cir.  Ct.  West  Div.  (Ja.,  1899). 
'  Illinois: 

Village  of  Dwight  r.  Hayes,  150  111.,  273. 

Robb  r.  Village  of  La  Grange  (18JK)),  158  111.,  21. 

Barrett  r.  Ometery  Assn.,  159  111.,  IWT), 
Indiana : 

Valparaiso  v.  Hagen,  153  Ind.,  ;^37;   48  L.  R.  A.,  707;   74  Am.  St.  Rep.,  305; 

*   54  N.  E.,  1062.  a 
Iowa: 

Randolf  r.  Town  of  Bloomfield,  77  la.,  50. 

Loughran  v.  City  of  Des  Moines,  72  la.,  :^82 ;   S.  C.  34  N.  W.  Rep.,  172. 


•  In  this  case  it  was  held  t^at  where  «•  municipality  acts  in  conformity  to  tlie  statu  to, 
skillfully  and  without  negligence.  It  may  discharge  its  sewage  into  a  stream  and  tlie 
lower  proprietors  may  not  have  an  injunction,  and  are  entitled  to  no  compensation  for  the 
damages  suffered  by  them. 

This  seems  to  settle  the  law  In  that  State :  hut  the  reasoning  Is  not  convincing,  and  it 
is  believed  no  other  State  has,  so  far.  adopted  that  rule,  which  might,  perhaps,  be  held 
violative  of  that  clause  of  the  (Constitution  of  the  T'nited  States  which  forbids  the  taking 
of  private  property  for  public  use  without  compensation. 
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Kansas : 

Topeka  Water  Supply  Co.  r.  City  of  Potwln,  43  Kan.,  404. 
Massachusetts : 

Brainard  r.  Newton  (Mass.  Sup.),  27  N.  E.  Rep.,  995,  and  154  Mass.,  255. 

Morse  r.  Worcester,  139  Mass.,  389. 

Boston  Rolling  Mills  r.  Cambridge,  117  Mass.,  396. 

Haskell  v.  New  Bedford,  108  Mass.,  20a 

W^)odward  r.  Worcester,  121  Mass.,  245. 

Middlesex  C^o.  r.  Lowell,  149  Mass.,  5()9. 

Merrifield  v.  Worcester,  110  Mass.,  210.0 
Missouri : 

The  Joplin  (Consolidated  Mining  Co.  r.  City  of  Joplln,  124  Mo.,  129. 
New  Hampshire: 

Vale  Mills  r.  Nashua,  («  N.  II.,  136. 
New  Jersey : 

Dorenms  r.  Paterson,  05  N.  J.  Eq.,  711. 

State  r.  Freeholders  of  Bergen,  1  Dick.,  173 

Atty.  Gen.  r.  City  of  Paterson,  45  Atl.  (N.  J.,  1900),  995;  60  N.  J.  Bq.,  385. 
New  York : 

Butler  V.  Village  of  Edgewater,  6  N.  Y.  S.,  174. 

Chapman  v.  CMty  of  Rochester,  110  N.  Y.,  273. 
Pennsj'lvania : 

Good  r.  Altoona  City,  162  Pa.  St,  493. 

EXCEBPT8    FBOM    IMPORTANT   DECISIONS. 

In  Owens  v.  Lancaster  City  (182  Pa.  St.,  257,  and  193  Pa.  St.,  436) 
the  right  of  a  city  to  use  a  stream  passing  through  it  as  an  open  sewer, 
subject  only  to  liability  for  any  injury  done  to  adjoining  property 
through  its  negligence,  st^eins  to  be  conceded. 

As  to  the  limits  of  this  right,  and  the  consequences  for  which  the 
municipality  would  be  liable  in  the  State  of  Pennsylvania,  see  the 
following  cases: 

The  city  was  held  liable  for  injury  done  to  plaintiff's  wharf  by 
deposits  from  a  sewer,  in  Butcher's  Ice  and  Coal  Company  v.  Phila- 
delphia.    (ir)GPa.  St.,  54.) 

It  was  held  liable  to  a  lot  owner  for  maintaining  a  sewer  mouth 
upon  his  lot,  in  Harris  v.  City.     (155  Pa.  St.,  76.) 

It  was  held  liable  for  destroying  the  value  of  wells,  caused  by  the 
flowing  of  polluted  river  water  into  them  by  underground  passages, 
in  Good  /'.  Altoona.     (162  Pa.  St.,  493.) 

It  was  held  liable  for  damages  caused  by  accumulations  of  filth, 
ashes,  or  other  material,  that  obstruct  the  flow  of  the  water  and  throw 

•  In  "Merrifield  r.  Worcester  damages  were  refused  to  a  riparian  owner  who  sued  in 
tort  for  the  pollution  of  his  stream.  The  decision  turned  upon  the  nonliability  of  munici- 
pal corporations  for  the  consequences  of  the  Judicial  acts  of  their  governing  bodies.  It 
holds  that  the  plaintiflT  might  recover  for  injury  caused  by  pollution  due  to  the  improper 
construction  or  unreasonable  use  of  the  sewers,  or  to  the  negligence  or  other  fault  of  th«!» 
defendant  in  the  care  and  management  of  them.  It  is  no  authority  for  the  principle 
established  in  Indiana  in  Valparaiso  v.  Hagen. 
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it  out  upon  the  lands  of  adjoining  owners,  in  Blizzard  v.  The  Borough 
of  Danville.     (175  Pa.,  479.) 

In  Owens  i\  Lancaster  City  (182  Pa.  St.,  257),  at  page  262,  Mr. 
Justice  Green  remarks,  obiter:  "We  apprehend  the  same  principle 
would  apply  to  the  injury  inflicted  by  allowing  offensive  and  injuri- 
ous odors  and  smells  to  issue  from  the  polluting  substances  dis- 
charged into  the  stream  from  the  city  sewers." 

Nolan  i\  New  Britain  (69  Conn.,  668)  was  an  action  for  damages 
caused  by  the  defendant's  discharge  of  its  public  sewers  into  a  stream 
called  Pipers  Brook,  which  ran  through  plaintiff's  land. 

The  city  had,  in  1872,  under  alleged  legislative  authority,  con- 
demned and  taken,  and  condemned  the  right  to  take,  occupy,  and 
appropriate  Pipers  Brook  for  sewer  purposes,  but  plaintiff  did  not 
appear  in  the  proceedings,  nor  was  any  award  made  to  him. 

Significant  excerpts  from  the  s-upreme  court's  opinion,  by  Andrews, 
C.  J.,  are  here  given : 

The  U8e  of  Pipers  Brook  which  the  complainant  charges  that  the  defendant 
has  made,  unless  there  Is  a  lawful  warrant  therefor,  causes  a  public  nui- 
sance. ♦  ♦  ♦  That  it  would  be  a  public  nuisance  to  render  the  water  of  a 
stream  so  impure  that  it  could  not  be  used  for  domestic  purposes  or  for  water- 
ing cattle,  and  so  that  It  gave  oCT  noxious  and  unhealthy  odors  is  hardly  open 
to  question  (Chapman  r.  Rochester,  110  N.  Y.,  273),  for  the  reason  that  these 
causes  would  injuriously  affect  every  riparian  owner  along  the  whole  length 
of  the  stream  and  every  person  who  lived  near  it.  If  a  municipal  corporation, 
in  the  aljsence  of  a  legal  right  to  do  so,  causes  sewage  to  pollute  a  water  course, 
to  the  use  of  which  a  lower  owner  through  whose  premises  the  water  course 
flows  Is  entitled,  it  is  guilty  of  a  nuisance  for  which  damages  may  be  recovered. 
[Many  authorities  cited.] 

On  page  681,  after  an  examination  of  the  alleged  statutory  author- 
ity, the  opinion  continues: 

If  it  had  been  the  intent  of  the  legislature  by  the  act  of  1872  to  authorize  the 
common  council  of  the  city  of  New  Britain  to  take  or  to  affect  any  lands  outside 
of  the  city  limits,  it  is  certain  there  would  have  been  in  the  act  some  provision 
for  the  ascertainment  of  damages  to  be  paid  to  the  landowner.  The  right  of 
the  plaintiff  to  have  the  water  of  Pipers  Brook  flow  through  his  land  as  it  had 
been  accustomed  to  flow  (I.  e.,  pure  and  uncontaminated)  is  not  an  easement, 
but  is  inseparably  annexed  to  the  soil.  (Wadsworth  v.  Tillotson,  15  Conn.,  366, 
373.)  To  deprive  the  plaintiff  of  that  part  of  his  soil  for  the  purposes  named  in 
that  act  would  he  the  taking  of  private  property  for  public  use,  and  the  plaintiff 
would  be  entitled  to  have  just  compensation. 

As  the  complainant  lived  outside  the  city  limits,  it  was  held  that  he 
was  in  no  way  affected  by  the  assessment  proceedings. 

The  other  defenses  amounted  to  a  claim  of  right  to  such  use  of  the 
stream  by  prescription.  As  to  this  defense  the  court  says,  at  page 
683: 

The  sixth  defense  presents  the  question  of  prescription.  We  have  already 
indicated  our  offtnion  that  the  use  of  Pii)ers  Brook  of  which  the  plaintiff  corn- 
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plains  is  a  public  nuisance.  We  suppose  the  law  to  be  so  that  a  public  nuisance 
can  not  he  prescril)ed  for.  No  length  of  time  can  iegltimate,  or  enable  a  partj' 
to  prescril)e  for.  a  public  nuisance.  (People  r.  Cunningham,  1  Denio.,  524; 
Mills  r.  Hall,  9  Wend..  315:  Veazie  r.  Dwinel,  50  Me.,  479.  490;  Commonwealth 
V,  ITpton,  0  Gray,  471,  470;  Wood  on  Nuisances,  722;  19  Am.  and  Eng.  Encyc.  of 
Law,  30.)  When  an  action  is  brought  by  a  party  who  has  suffered  a  special 
injury  in  consetjuence  of  a  public  imisance,  a  prescriptive  right  to  do  the  acts 
complained  of  can  not  be  maintained  against  him.  (Bowen  v.  Wendt,  103  Cal., 
230;  People  r.  (lold  Run,  etc.,  Mining  Co.,  00  Cal.,  138;  Boston  Rolling  Mills  r. 
Cambridge.  117  Ma.ss.,  3tX»;  O'Brien  v.  St.  Paul,  18  Minn.,  170;  Cooley  on  Torts. 
014.)  There  is  no  occasion  to  discuss  this  defense  further,  because  the  defend- 
ant's counsel  in  their  brief  expressly  disclaim  that  any  right  can  be  obtained 
by  prescription  to  commit  such  a  nuisance. 

In  Morgan  v.  City  of  Danbury  (67  Conn.,  484)  the  question  of 
restraining  a  city  from  polluting  the  water  of  a  stream  by  sewage,  at 
the  suit  of  a  mill  owner  below^  the  city,  was  thoroughly  discussed, 
and  the  injunction  sustained.  The  opinion  is  written  by  Baldwin,  J.. 
and  the  important  portions  of  it  are  as  follows  (p.  493)  : 

The  nuisance  thus  complainetl  of  consisted,  then,  of  discharging  into  a  river, 
above  tlie  plaintiff's  premises,  certain  substances  of  a  kind  and  in  such  a  man- 
ner that  the  water  came  to  him  polluted,  and  a  dei)osit  was  made  upon  his  land 
and  in  his  mill  j)ond  whereby  noxious  otlors  were  created,  dangerous  to  his 
health  and  that  of  others,  his  dam  partly  filled  up  by  filth,  and  the  use  and  value 
of  his  property  largely  taken  away — injuries  which  the  defendant  intended  to 
increase  by  enlarging  its  sewer  system,  and  adding  to  the  amount  of  the  de- 
posits made  from  the  sewers  in  the  river,  the  result  of  which  would  be  to  fill 
up  his  mill  pond  witli  filth  and  sewage,  and  make  his  property  valueless. 

These  allegations  were  denied,  but  they  have  been  found  true,  and  there  is 
notliing  inconsistent  with  tlieir  truth  in  the  special  finding  of  facts.  They  stated 
that  the  deposits  from  the  sewers  l)oth  filled  up  the  plaintiff's  mill  pond,  and  pol- 
lutwl  the  air  he  breathetl  and  the  waters  that  flowed  over  his  property.  These, 
tliough  proceiHling  from  the  same  act,  produced  separate  injuries.  A  nuisance 
was  created  with  a  double  asi)ect.  That  to  the  waters  of  the  stream  and  the  air 
above  it  it  was  found  constituted  a  public  nuisance,  though  it  was  one  which  also 
wrought  a  special  and  peculiar  injury  to  the  plaintiff.  That  from  filling  up  the 
mill  i>ond  constituted  simply  a  private  nuisance.  (Haskell  v.  New  Bedford,  108 
Mass.,  208,  210;  Brayton  r.  Fall  Ulver,  113  Mass.,  218,  229.)  It  was  proper  that 
tlie  injunction  sliouid  he  so  framed  as  to  protect  the  plaintiff  against  every 
serious  and  irreparable  injury  which  he  might  suffer  by  the  continuance  of  the 
nuisance,  and  its  terms  are  fully  conformable  to  the  claims  stilted  in  his  com- 
plaint. 

The  defendant  contends  that  the  decree  is  too  broad,  In  that  it  restrains  the 
discharge  into  the  river  of  any  sewage,  even  if  not  of  a  noxious  or  polluting 
character,  or  though  entirely  and  permanently  disinfected  and  purified. 

The  primary  meaning  of  "  sewage "  is  that  which  passes  through  a  sewer 
(Century  Dictionary;  Webster's  International  Dictionary).  A  secondary  mean- 
ing is  derive<l  from  tlie  usual  character  of  the  contents  of  a  sewer,  and  as  used 
In  that  sense  the  word  signifies  the  refuse  and  foul  matter,  solid  or  liquid, 
which  it  so  carries  off. 

In  the  plaintiff's  complaint  the  connection  in  which  the  term  is  employed  is 
such  as  to  indicate  that  it  was  intended  to  carry  the  secondary  meaning. 
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And  further,  at  page  490 : 

The  defendant  urges  that  it  should  not  be  made  responsible  for  the  acts  of 
others,  and  that  if  its  sewage  is  thoroughly  disinfected,  sterilized,  and  puritied 
before  its  discharge  into  the  river  nothing  further  should  l)e  required,  even 
though  as  it  flows  down  the  stream  it  may  l)e  brought  into  contact  with  other 
substances  in  such  a  way  as  to  work  a  nuisance.  But  the  right  to  deposit  a  thing 
in  any  i)lace  must  always  be  dei)endent  not  only  on  its  own  nature  but  on  the 
nature  of  the  place  in  question  and  the  uses  to  which  that  has  already  Ix^en  put. 
A  lighted  match  may  be  safely  thrown  into  a  brook  under  ordinary  circum- 
stances, but  not  should  it  happen  to  be  covered  with  oil  from  a  leaky  tank. 

If  different  parties  by  several  acts  foul  the  same  stream,  each  may  be  enjoined 
against  the  commission  of  the  wrong  with  which  he  is  individually  chargeable. 

And  see,  also,  Watson  n.  Town  of  New  Milford  (72  Conn.,  561) ; 
Piatt  Bros.  &  Co.  v.  Waterbury  (72  Conn.,  531) ;  and  note  on  "  Rights 
of  municipal  corporations  to  drain  sewage  into  waters,"  appended  to 
a  report  of  the  last-named  case  in  48  Lawyers'  Rep.  Annotated, 
page  691. 

In  Mayor,  etc.,  of  Birmingham,  v.  Land  (34  So.  Rep.,  613),  decided 
by  the  supreme  court  of  Alabama  in  June,  1903,  the  Connecticut 
cases  above  cited  were  followed.  Among  other  things,  the  court,  per 
McClellan,  C.  J.,  say: 

The  fact  that  the  city  of  Birmingham  had  statutory  autliorization  to  construct 
a  sewer  emptying  into  Valley  Creek,  upon  the  condemnation  of  lands  taken  or 
injured  in  its  construction  and  use,  is  not  of  imiwrtance,  since  the  lands  here 
injured  have  not  been  condemned.  The  nuisance  is  none  the  less  a  nuisance 
because  of  the  statutory  power  referred  to,  the  right  to  exercise  the  iK)wer  in 
respect  of  this  land  not  having  been  acquired.  City  of  Mansfield  i?.  Balliett 
(65  Ohio  St,  451 ;  58  L.  R.  A.,  628,  and  note). 

See,  to  the  same  effect,  Sammons  v.  City  of  Gloversville  (67  N.  E. 
Rep.,  622),  decided  by  the  court  of  appeals  of  New  York,  June  9, 1903. 
In  this  case  an  injunction  was  granted,  its  operation  being  suspended 
to  enable  the  defendant  to  obtain  legislative  relief,  or  to  abate  the 
nuisance. 

In  Middlesex  Company  v,  Lowell  (149  Mass.,  509),  decided  in  1889, 
it  was  held  that  an  injunction  should  be  granted  to  restrain  defend- 
ant from  discharging  sewage  into  plaintiff's  mill  pond,  and  that  no 
right  to  do  so  could  be  acquired  by  prescription. 

This  places  Massachusetts  in  line  with  the  other  States,  notwith- 
standing the  decision  in.Merrifield  v,  Worcester  that  a  city  is  not 
liable  for  damages  caused  by  lawfully  laying  out  and  constructing 
and  reasonably  using  a  system  of  sewers  in  accordance  with  plans 
adopted  by  the  proper  corporate  body,  upon  the  principle  that  such 
liody  acts  quasi  judicially  in  so  adopting  plans. 

In  Butler  v.  Village  of  White  Plains  (69  N.  Y.  Supp.,  193;  N.  Y. 
Sup.  Court  App.  Div.,  2d  Dept.,  March,  1901),  an  injunction  was 
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granted  against  a  nuisance  caused  by  the  deposit  of  the  effluent  of 
defendant's  sewage  in  the  Bronx  River.  The  fact  that  others  were 
polluting  the  stream  was  no  defense. 

Grey,  Attorney-Cjeneral,  t'.  Paterson  (13  Dick.,  1;  on  app>eal,  15 
Dick.,  385),  was  tn  action  brought  by  riparian  owners  below  Paterson 
for  an  injunction  restraining  the  city  of  Paterson  from  depositing  or 
discharging  its  sewage  through  its  drains  or  sewers  into  the  Passaic 
River,  and  from  constructing  new  sewers  to  discharge  into  said  river, 
and  from  enlarging  or  increasing  its  present  sewerage  system  with 
outlets  into  said  river. 

By  an  act  passed  in  1867  (P.  L.  of  1867,  p.  653,  sec.  17)  Paterson 
had  been  authorized  by  the  legislature  as  follows : 

That  the  mayor  and  aldermen  of  the  city  of  Paterson  are  hereby  authorized  to 
cause  such  surveys,  maps,  and  returns  to  be  made  as  may  be  necessary  to  enable 
them  to  prescribe  and  adopt,  either  for  the  whole  or  any  part  of  said  city,  the 
location  of  streets  and  sewers,  or  either,  and  the  width  thereof,  hereafter  to  be 
oi>ene<l  or  constructed  therein,  and  when  such  location,  width,  and  grade  shall  be 
adopted,  the  surveys,  maps,  and  returns  prescribing  and  defining  the  same  shall 
be  recorded  in  the  clerk's  oflSce  of  the  county  of  Passaic,  and  thereupon  no  street 
or  sewer  shall  thereafter  within  the  district  comprised  in  any  such  survey,  map, 
or  return  be  0[>ened  or  constructed,  except  in  conformity  therewith  as  to  loca- 
tion, width,  and  grade,  and  fully  to  accomplish  the  purposes  contemplated  by  this 
section  the  said  mayor  and  aldermen  may  employ  such  engineers,  surveyors,  and 
other  persons,  and  provide  for  their  comi>en8atIon  and  pass  such  ordinances  as 
they  may  deem  to  be  proper,  and  may  enter  upon  any  land  for  making  surveys 
and  examinations. 

On  the  26th  of  February,  1868,  Paterson  was  further  authorized  to 
constnict  sewers  and  drains  (P.  L.,  1868,  p.  126).  The  second  section 
provides : 

That  all  such  sewers  and  drains  shall  be  constructed  in  conformity  with  the 
plans  thereof  adopted  or  which  shall  be  adopted  by  said  mayor  and  aldermen 
pursuant  to  the  seventeenth  section  of  the  act  approved  April  4,  1867,  entitled 
"A  further  supplement  to  the  act  entitled  'An  act  amending  and  revising  the  act 
to  incorporate  the  city  of  Paterson.' " 

It  was  found  by  the  court  tliat,  so  far  as  the  authority  of  the  State 
can  avail  for  that  purpose,  the  legislative  consent,  in  this  case,  fur- 
nishes ample  protection  to  the  city  for  the  appropriate  exercise  of  the 
power  granted. 

It  was  further  said  that  riparian  owners  below  the  point  where  the 
tide  ebbs  and  flows  were  not  entitled  to  an  injunction,  because  the 
title  to  their  lands  did  not  extend  below  high-water  mark. 

The  title  of  owners  above  the  ebb  and  flow  of  the  tide  extends  to 
the  middle  of  the  stream,  subject  only  to  the  rights  of  the  public  for 
purposes  of  navigation;  and  it  is  held  that,  notwithstanding  the  leg- 
islative grant  of  authority,  such  owners  can  not  be  deprived  of  their 
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right  of  property  in  the  river  without  just  compensation.  Following 
the  case  of  Beach  v.  Sterling  Iron  and  Zinc  Company  (9  Dick.,  65),  as 
aflBrmed  in  10  Dick.,  824,  it  was  decided  that  the  owners  above  tide 
water  were  entitled  to  compensation,  but  in  view  of  the  great  detri- 
ment to  the  city  if  an  injunction  should  be  granted  and  the  compara- 
tively small  injury  done  to  the  owners  the  injunction  was  refused, 
except  in  the  alternative  that  the  city  should  refuse  to  make  such 
compensation  for  the  diminished  value  of  their  lands  as  shall  be 
ascertained  to  be  just. 

In  this  case  there  is  no  recognition  of  the  damage  done  to  the  lands 
adjoining  or  near  the  stream.  The  complainant's  right  to  redress 
arises  wholly  from  the  injury  done  to  the  water,  in  which  they  have 
a  proprietary  right. 

In  Winchell  v.  Waukesha  (110  Wis.,  101),  Dodge,  J.,  gave  the 
opinion,  which  in  part  is  as  follows: 

The  findings  and  evidence  disclose  a  very  obvious  nuisance,  which,  if  created 
and  maintained  by  an  individual,  would  entitle  the  plaintiff  to  the  aid  of  a 
court  of  equity  to  effect  its  abatement,  and  to  damages  if  pecuniary  injury  be 
established,  with  the  decisions  of  this  court  *  *  •  It  has  been  declared  by 
this  court  in  Harper  v.  Milwaukee  (30  Wis.,  365,  372),  that  **  the  general  rule  of 
law  is  that  a  municipal  corporation  has  no  more  right  to  erect  and  maintain  a 
nuisance  than  a  private  individual  possesses,  and  an  action  may  be  maintained 
against  such  corporation  for  injuries  occasioned  by  a  nuisance  for  which  It  Is 
responsible  in  any  case  in  which,  under  like  circumstances,  an  action  could  be 
maintained  by  an  individual."  Again,  in  Hughes  r.  Fond  du  Lac  (73  Wis.,  380, 
383)  it  is  said:  "A  municipal  corporation  is  no  more  exempt  from  liability  in 
case  it  creates  a  nuisance,  either  public  or  private,  than  an  individual.*'  These 
statements  are  very  broad,  and,  appellant  insists,  must  yield  to  various  excep- 
tions and  limitations  (pp.  105  and  i06). 

When,  if  ever,  the  legislature  shall  enact  that  streams  generally  or  any  stream 
shall  be  used  as  sewers  without  liability  to  the  owners  of  the  soil  through  which 
they  run,  the  question  of  constitutional  protection  to  private  rights  may  be 
forced  upon  the  courts  for  decision.  Until  such  enactment  is  made,  however,  in 
clear  and  unambiguous  terms,  we  shall  be  slow  to  hold  by  Inference  or  implica- 
tion that  it  has  been  made  at  all.  The  right  of  the  riparian  owner  to  the 
natural  flow  of  waters,  substantially  unimpaired  in  volume  and  purity,  is  one 
of  great  value,  which  the  law  nowhere  has  more  persistently  recognizee!  than  in 
Wisconsin.  Not  alone  the  strictly  private  right,  but  important  public  Interests, 
would  be  seriously  jeopardized  by  promiscuous  i)ollution  of  our  streams  and 
lakes.  Considerations  of  aesthetic  attractiveness,  Industrial  utility,  and  public 
health  and  comfort  are  involved.  Amid  this  conflict  of  important  rights,  we  can 
not  believe  that  the  legislature  concealed,  in  words  merely  authorizing  munici- 
palities to  raise  and  expend  money  for  the  construction  of  sewers,  a  declaration 
of  policy  that  each  municipality  might,  in  Its  discretion,  without  liability  to 
individuals,  take  practical  possession  of  the  nearest  stream  as  a  vehicle  for  the 
transportation  of  its  sewage  in  a  crude  and  deleterious  condition.  At  that 
stage  in  its  logic  we  can  not  agree  with  the  Indiana  court  in  Valparaiso  v. 
Hagen  (153  Ind.,  337). 
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STATUTORY  RESTRICTIONS  OF  WATER  POUEiUTION. 

CLASSIFICATION. 

Speaking  generally,  jurisdiction  over  the  pollution  of  waters  in  the 
United  States  is  confined  to  the  several  States.  There  is  no  provision 
in  the  Constitution  which  gives  to  Congress  authority  in  the  premises, 
partly,  no  doubt,  because  at  the  time  of  its  adoption  the  great  impor- 
tance of  the  subject  from  an  interstate  point  of  view  was  not  thought 
of.  Hence,  by  the  familiar  principle  that  the  several  States  retain 
full  sovereign  powers  except  so  far  as  such  powers  are  restricted  by 
the  National  Constitution  or  expressly  delegated  thereby  to  the 
National  Government,  the  States  have  full  control  of  this  subject. 
In  reviewing  thest^  laws,  accordingly,  we  nuist  examine  the  statutes 
of  all  the  States  and  Territories. 

Uniformity  of  legislation  is  not  to  be  expected.  The  natural  condi- 
tions existing  in  different  portions  of  the  vast  territory  are  so  various, 
the  density  of  population  differs  so  widely  in  the  different  sections 
involved,  and  public  enlightenment  as  to  the  deleterious  effects  of 
water  pollution  and  the  necessity  to  restrain  it  is,  in  sparsely  settled 
districts,  so  far  behind  that  which  has  been  developed  in  amgested 
areas  by  the  terrible  consequences,  that  statutory  regulations  must 
necessarily  differ.  In  some  States  there  is  found  nothing  more  than 
a  simple  provision  making  it  a  crime  to  poison  wells  and  springs, 
while  others  have  made  elaborate  provisions  designed  to  chex^k  and, 
so  far  as  possible,  absolutely  to  prevent  all  pollution  of  waters  by 
mingling  with  them  the  refuse  products  of  animal  life  or  the  wastes 
of  human  industry.  If,  therefore,  we  are  to  avoid  making  this  review 
a  mere  catalogue  of  statutes,  it  will  be  necessary  to  adopt  some  system 
of  classification  and  grouping.  Doubtless  a  mere  citation  of  the 
statutes  of  all  the  States,  taken  in  their  alphabetical  order,  would 
serve  a  useful  purpose  in  enabling  the  reader  to  turn  to  the  particu- 
lar section  in  which  his  interest  lies  and  to  find  the  legislation  which 
affects  this  section.  But  if,  by  a  logical  grouping  of  States  according 
to  their  progress  in  this  particular,  we  can  give  a  clearer  idea  of  the 
status  of  such  legislation  as  a  whole,  without  seriously  interfering 
with  the  usefulness  of  the  book  as  a  compendium  of  State  laws  upon 
this  subject,  much  will  be  gained. 

Accordingly,  I  have  arranged  the  Staters  and  Territories  in  three 
groups  or  classes,  placing  those  in  each  group  in  alphabetical  order 
for  convenience  of  reference. 
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CLASS  I.  STATES  WITH  PARTIAL  RESTRICTIONS. 

This  group  comprises  those  States  and  Territories  in  which  the 
legislature  has  confined  itself  to  forbidding  the  poisoning  or  pollution 
of  drinking  water  in  certain  ways  or  in  certain  localities.  They 
belong  in  the  same  category  because  they  are  all  at  the  same  stage  of 
growth  in  sanitary  education — i.  e.,  there  is  manifest  in  their  legisla- 
tion no  sense  of  the  general  desirability  of  pure  natural  waters,  but 
only  a  desire  to  prevent  certain  acts  recognized  as  criminal  in  intent 
or  as  likely  to  injure  special  groups  of  persons  (public  or  private  cor- 
porations) whom  the  legislature  desires  to  protect. 

An  alphabetical  list  of  the  States  and  Territories  in  Class  I,  with 
the  statutes  in  force  in  each  at  the  close  of  1905,  either  given  in  full 
or  abstracted  so  as  to  show  their  nature  and  force,  is  here  presented. 

AI^BAMA. 

[Acts  of  Alabama,  1890-07,  p.  1281.1 

AN  ACT  to  punish  any  person  who  i)oUutes  or  contaminates  water  supplied  to 
cities  and  towns  of  the  State. 

Section  1.  Be  it  enacted  hy  the  general  asnemhly  of  Alabama^  That 
it  shall  be  unlawful  for  any  person  to  knowingly  deposit  any  dead  ani- 
mal or  nauseous  substance  in  any  source,  standpipe,  or  reservoir  from 
which  water  is  supplied  to  any  city  or  town  of  said  State.  Any  per- 
son violating  the  provisions  of  this  act  shall  be  guilty  of  a  misde- 
meanor, and  upon  conviction  shall  \w  punished  by  a  fine  not  exceeding 
$500  and  may  be  sentenced  to  hard  labor  for  the  county  not  exceeding 
one  year. 

Approved,  February  17,  1807. 

[General  Acts,  Alabama,  1903,  Act  No.  .•>42,  p.  499.1 

AN  ACT  to  amend,  reconstruct  and  provide  for  the  enforcement  of  the  laws 
relating  to  the  puhlic  health. 

Sec.  15  (p.  508).  WTienever  complaint  shall  be  made  in  writing  to  a 
health  officer  of  a  county,  city^  or  town  that  there  is  in  any  pond,  lake, 
or  stream  owned  or  maintained  by  a  private  individual  or  corporation 
any  source  of  infection,  or  unsanitary  condition,  which  is  prejudicial 
to  the  public  health,  or  likely  to  become  so,  or  any  material  or  thing 
that  is  grossly  offensive  or  indecent,  it  shall  be  the  duty  of  such 
health  officer  to  thoroughly  investigate  such  complaint.  If  upon 
investigation  said  health  officer  shall  be  of  the  opinion  that  said  com- 
plaint is  well  founded,  he  shall  at  once  notify  the  person  responsible 
therefor  that  he  must  remove  or  abate,  at  his  own  expense,  said  source 
ef  infection,  unsanitary  condition,  or  grossly  offensive  or  indecent 
IBR  162—05  M 3 
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material  or  thing.  Should  such  person  responsible  for  said  nuisance 
refuse  or  neglect  to  obey  such  order,  said  officer  shall  refer  the  matter 
to  the  county  board  of  health  for  investigation,  and  either  party  to 
the  contest  may  request  the  State  health  officer  to  be  present  and  par- 
ticipate in  the  investigation.  Should  said  county  board  of  health 
agree  with  the  opinion  of  said  health  officer,  and  should  the  person 
responsible  for  said  nuisance  or  for  said  indecent  material  or  thing 
still  refuse  or  neglect  to  comply  with  the  decision  reached  by  said 
county  board  of  health,  the  health  officer  to  whom  said  complaint  was 
first  made  shall  proceed  with  as  little  delay  as  possible  to  cause  said 
source  of  infection,  unsanitary  condition,  or  grossly  offensive  mate- 
rail  or  thing  to  l)e  removed  or  abated  at  the  expense  of  the  person 
responsible  therefor. 

ARKANSAS. 

[Sandel  and  lliU's  Digest,  1804.] 

Sec.  1903.  The  throwing  or  dragging  of  dead  animals,  or  animals 
in  a  dying  condition,  into  any  running  stream  or  other  body  of 
water  in  this  State  is  a  misdemeanor. 

Anyone  violating  the  provisions  of  this  chapter,  on  conviction 
thereof,  shall  be  fined  in  any  sum  not  less  than  ten  nor  more  than 
fifty  dollars.     (Act  Alarch  27,  1891.) 

[Laws  of  18!C.,  Act  CXXVl,  p.  183.) 

AN  ACT  authorizing  niunicipal  (•ori)onitions  and  other  corporations  to  exercise 
certain  privileges,  and  for  other  puri>oses. 

Sec.  7.  If  any  person  shall  *  *  *  commit  such  a  nuisance  in 
or  near  the  impounding  dams  or  reservoirs  of  any  water  plant,  or 
shall  pollute  the  water  or  effect  [affect]  its  wholesome  qualities,  he 
shall  be  deemed  guilty  of  a  misdemeanor  and  be  fined  for  each  and 
every  offense  in  any  sum  not  exceeding  $200. 

*  [Sandel  and  II Ill's  Digest,  sec.  5134.] 

They  [municipal  corporations]  shall  have  the  power  to  provide  a 
supply  of  water  by  constructing  or  acquiring,  by  purchase  or  other- 
wise, wells,  pumps,  cisterns,  reservoirs,  or  waterworks;  to  regulate 
the  same;  to  prevent  the  unnecessary  waste  of  water:  to  prevent  the 
pollution  of  the  water  and  injury  to  the  waterworks;  and  for  the  pur- 
pose of  establishing  or  supplying  waterworks  any  municipal  corpora- 
tion may  go  beyond  its  territorial  limits;  and  its  jurisdiction  to  pre- 
vent or  punish  any  pollution  or  injury  to  the  stream  or  source  of 
water,  or  to  the  waterworks,  shall  extend  five  miles  beyond  its  cor- 
porate limits.     [As  amended  by  laws  of  1903,  act  88,  p.  152.] 
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DELAWARE. 

[I^W8  of  1893,  p.  1024.) 

AN  ACT  to  amend  chapter  242,  volume  19,  of  the  Laws  of  Delaware,  entitled 
**An  act  to  provide  for  the  lighting  of  Mlddletown." 

Sec.  10  (p.  1029).  That  if  any  person  or  persons  shall  designedly 
or  maliciously  injure  the  said  light  and  water  works,  or  obstruct  the 
water  to  and  from  the  same,  or  in  any  manner  pollute  the  water 
supply  *  *  *  they  shall  forfeit  and  pay  to  the  commissioner  of 
the  town  of  Middletown  a  finejiot  exceeding  one  hundred  (100)  dol- 
lars, to  be  recovered,  etc. 

FIX)RIDA. 
[Revised  Statutes  of  Florida,  approved  January  8,  1891.]  . 

Sec.  2658.  Poi.Haning  food  or  water. — WTioever  mingles  any  poison 
with  food,  drink,  or  medicine,  with  intent  to  kill  or  injure  another 
person,  or  wilfully  poisons  any  spring,  well,  or  reservoir  of  water 
with  such  intent,  shall  be  punished  by  imprisonment  in  the  State 
prison  for  life  or  any  term  of  years. 

Sec.  2665.  Comipting  or  interfering  with  water  supply, — Whoever 
wilfully  or  maliciously  defiles,  corrupts,  or  makes  impure  any  spring 
or  other  source  of  water  or  reservoir,  or  destroys  or  injures  any  pipe, 
conductor  of  water,  or  other  property  pertaining  to  an  aqueduct,  or 
aids  or  abets  in  any  such  trespass,  shall  be  punished  by  imprisonment 
not  exceeding  one  year  or  by  fine  not  exceeding  one  thousand  dollars. 

GEORGIA. 

[Laws  of  181)6.  p.  84.] 

No.  57.  AN  ACT  to  prohibit  the  iK)lsoning  of  any  sprinjc,  well,  or  reservoir  of 
water,  to  provide  a  penalty  for  the  violation  of  the  same,  and  for  other  pur- 
poses. 

Sec.  1.  Be  it  eniacted  by  the  general  assembly  of  the  State  of 
Georgia^  and  it  in  hereby  enacted  by  authority  of  the  same^  That  from 
and  after  the  passage  of  this  act  any  person  who  wilfully  and  wan- 
tonly poisons  or  procures  another  to  poison  any  spring,  fountain, 
well,  or  reservoir  of  water  shall  be  deemed  guilty  of  a  felony,  and  on 
conviction  therefor  shall  be  imprisoned  in  the  penitentiary  for  a 
term  of 'not  less  than  two  nor  more  than  twenty  years. 

Sec.  2.  Repeals  inconsistent  laws. 

Approved,  December  19,  1896. 

IDAHO. 
[Penal  Code,  passed  1001.] 

Sec.  4916.  Every  person  *  *  *  who  wilfully  poisons  any  spring, 
well,  or  reservoir  of  water  is  punishable  by  imprisonment  in  the  State 
prison  for  a  term  not  less  than  one  nor  more  than  ten  years. 
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IOWA. 
[Code  of  Iowa,  annotated,  1807.1 

Sec.  41)70.  Throicincf  dead  animals  hi  stream^  fipring^  etc, — If  any 
person  throw,  or  cause  to  lx»  thrown,  any  dead  animal  into  any  river, 
well,  spring,  cistern,  reservoir,  stream,  or  pond,  he  shall  be  impris- 
oned in  the  county  jail  not  less  than  ten  nor  more  than  thirty  days 
or  be  fined  not  less  than  five  nor  more  than  one  hundred  dollars. 

KANSAS. 

[Laws  of  1!M>5.  chap.  267,  fish  and  game  law.] 

Sec.  ().  It  shall  be  unlawful  for  any  person  to  empty  or  throw  into 
or  place  in  any  lake,  pond,  river,  creek,  or  stream,  or  other  water 
within  or  bordering  on  this  State,  any  acid,  drug,  lime,  or  other  dele- 
terious substance,  or  fishl)erries,  or  dynamite,  giant  powder,  or  other 
explosive  matter  of  whatever  kind,  or  any  material  or  liquid  which 
may  kill,  stun,  poison,  or  craze  fish;  provided,  that  nothing  in  this 
section  shall  be  construed  to  prevent  the  proper  use  of  explosives 
for  the  exclusive  purpose  of  improving  navigation,  or  for  blasting 
rock  on  [in]  j)reparing  foundations,  or  other  improvements  on  or 
along  the  streams  or  waters  of  the  State. 

KENTtTCKY. 

[Compilation  by  .Tohn  D.  Carroll,  2d  ed.,  1899.] 

Sec.  1278.  If  any  person  shall  cast  or  place  the  carcass  of  any  cat- 
tle or  that  of  any  other  dead  beast  in  any  water  course  or  within 
twenty-five  yards  thereof,  or  shall  cast  the  same  into  any  spring,  or 
into  any  pond,  such  person,  for  every  such  offence,  shall  be  fined  for 
the  first  offense  not  less  than  five  nor  more  than  twenty  dollars,  and 
every  subsequent  offense  not  less  than  twenty  nor  more  than  one  hun- 
dred dollars.     (Under  head  of  ''  Offences  against  public  health.") 

LOUISIANA. 
[Revised  Laws  (Wolff).] 

Sec.  924.  Amending  law  of  1882,  page  109. 

Makes  it  an  offense  to  "  throw  or  cause  to  l)e  thrown  or  conveyed 
into  any  navigable  stream,  bay,  or  lake  within  this  State,  bagasse 
from  sugar  mills,  ballast  from  vessels,  sinking  timber  of  any  kind,  or 
any  other  matter  of  a  nature  to  form  an  obstruction  to  its  free  navi- 
gation." 

MICHIGAN. 
[Compiled  Laws  of  the  State  of  Michigan  (Lewis  M.  Miller).] 

Sec.  11496.  Willfully  poisoning  spring,  well,  or  reservoir  made  a 
crime. 
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Sec.  i2806.  The  council  (of  any  village  located  upon  or  adjacent  to 
any  of  the  navigable  waters  of  this  State)  shall  have  authority  to 
"  provide  by  ordinance  for  the  preservation  of  the  purity  of  the 
waters  of  any  harbor,  river,  or  other  waters  within  the  village,"  and 
other  powers. 

Sec.  314G.  The  council  (of  any  city  located  upon  or  adjacent  to  any 
of  the  navigable  waters  of  the  State)  '*  shall  have  authority  to  pro- 
vide by  ordinance  for  the  preservation  of  the  purity  of  the  waters 
of  any  harlwr,  river,  or  other  waters  within  the  city,  and  within  one- 
half  of  a  mile  from  the  corporate  boundaries  thereof;  to  prohibit  and 
punish  the  casting  or  depositing  therein  of  any  filth,  logs,  floating 
matter,  or  any  injurious  thing,"  and  other  powers. 

[PiibUc  Acts,  1899,  No.  80,  p.  115.] 

AX  ACT  to  prevent  and  punish  the  poUntion  nnd  contamination  of  the  waters 
of  tlie  stream  Ivnown  as  VVoif  Creeli,  in  Lenawee  Countj',  Michigan,  and  the 
tributaries  thereof. 

The  people  of  the  State  of  Miehigan  enaet: 

SEi^moN  1.  It  shall  be  unlawful  for  any  person  or  persons  to  wil- 
fully or  in  any  other  manner  knowingly  to  befoul,  pollute,  contami- 
nate in  any  manner,  so  as  to  render  said  water  offensive  for  drinking 
purposes,  the  waters  of  that  stream  situated  in  the  townships  of 
Adrian,  Rome,  and  Cambridge,  Lenawee  County,  Alichigan,  and 
known  commonly  as  Wolf  Creek,  or  any  tributary  thereof  situated 
in  said  county,  at  any  place  in  said  stream  alwve  the  dam  from  which 
the  water  supply  of  the  city  of  Adrian  is  taken. 

Sec.  2,  WTioever  misc*hievously,  maliciously,  or  wilfully  puts  any 
dead  animal,  carcass  or  part  thereof,  or  any  other  putrid,  nauseous, 
noisome,  or  offensive  substance  in  said  stream  or  its  tributaries,  or  in 
any  other  manner  befouls  the  waters  of  said  stream  or  its  tributaries 
in  an  unwholesome  or  offensive  manner,  or  shall  drain  the  contents 
of  any  barnyard,  waste  factory  products,  or  other  unwholesome  sub- 
.stance,  into  the  water  of  said  stream  or  its  tributaries,  shall  l)e 
deemed  guilty  of  a  violation  of  this  act. 

Sec.  3.  Any  person  convicted  of  a  violation  of  this  act  shall  be 
punished  by  a  fine  not  exceeding  one  hundred  dollars  and  not  less 
than  five  dollars  and  costs  of  prosecution,  and  in  default  of  the  pay- 
ment of  said  fine  and  costs  he  shall  l)e  imprisoned  in  the  jail  of 
I^nawee  County  not  less  than  ten  nor  more  than  ninety  days,  or  both 
such  fine  and  imprisonment,  in  the  discretion  of  the  court. 

This  act  is  ordered  to  take  immediate  effect. 

Approved,  May  17,  1899. 
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[House  Enrolled  Act  No.  404.] 

AN  ACT  in  relation  to  the  i)ollution  of  the  waters  of  Pine  River  in  the  counties 
of  Midland  and  Gratiot,  and  Cass  River  in  the  county  of  Tuscola. 

Sec.  1.  It  shall  be  unlawful  for  any  person,  firm,  or  corporation, 
except  municipal  corporations,  or  any  agent  or  employe  of  such  firm 
or  corporation  to  pollute  the  waters  of  Pine  River  in  the  counties  of 
Midland  and  Gratiot,  and  Cass  River  in  the  county  of  Tuscola,  by 
depositing  or  attempting  to  deposit  therein  any  beet  pulp  or  other 
waste  matter  of  any  kind  or  character  liable  to  decomposition. 

Sec.  2.  Any  person,  firm,  or  corporation,  or  any  agent  or  employe 
of  such  firm  or  corporation,  found  guilty  of  a  violation  of  this  act 
shall  be  punished  by  a  fine  of  not  less  than  one  hundred  fifty  dollars, 
or  more  than  three  hundred  dollars,  or  by  imprisonment  in  the  county 
jail  for  not  less  than  thrcn*  months  nor  more  than  six  months,  or  by 
both  such  fine  and  imprisonment  in  the  discretion  of  the  court.  * 

MISSISSIPPI. 
[Annotated  Code  of  the  General  Statute  Laws-  (Ttiompson,  DiUard  &  CampbeU).] 

Sec.  132()  (under  ''Crimes  and  misdemeanors'").  If  any  person 
shall  in  any  manner  permanently  obstruct  any  of  the  navigable 
waters,  or  shall  place  any  obstruction  therein  and  not  remove  the 
same  within  a  reasonable  time,  or  if  any  person  shall  pollute  any 
such  waters  by  putting  therein  the  carcass  of  any  dead  animal,  or  any 
refuse  or  foul  matter,  or  any  matter  or  thing  calculated  to  render  the 
water  thereof  less  fit  for  drink  or  the  sustenance  of  fish,  the  person 
so  offending,  in  either  case,  .shall  be  guilty  of  a  misdemeanor,  and,  on 
conviction,  shall  be  punished  by  a  fine  of  not  more  than  fifty  dollars, 
or  by  imprisonment  in  the  county  jail  not  more  than  thirty  days,  or 
both ;  but  this  shall  not  apply  to  the  Mississippi  or  Yazoo  rivers. 

[Amended:  Laws  of  1898,  cliap.  89,  p.  101.) 

Exception  of  Mississippi  and  Yazoo  rivers  dropped  out,  and  the 
following  clause  added :  **  But  this  act  shall  not  be  so  construed  as  to 
prevent  any  city  or  town  in  this  State  from  constructing  sewers  so 
as  to  empty  into  any  navigable  streams  of  water  in  this  State.'' 
(Approved  February  10,  1898.) 

NEBRASKA. 

[Compiled  Statutes  of  Nebraska,  1897.) 

Sec.  6892  (Criminal  Code,  sec.  229).  Putting  o^ensive  matter  into 
well  or  spring. — If  any  person  or  persons  shall  put  any  dead  animal, 
carcass,  or  part  thereof,  or  other  filthy  substance,  into  any  well,  or 
into  any  spring,  brook,  or  branch  of  running  water,  of  which  use  is 
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made  for  domestic  purposes,  every  person  so  offending  shall  be  fined 
in  any  sum  not  less  than  two  nor  more  than  forty  dollars. 

Sec.  0893  (230).  If  any  person  or  persons  shall  put  the  carcass  of 
any  dead  animal,  or  the  offals  from  any  slaughterhouse  or  butcher's 
establishment,  packing  house,  or  fish  house,  or  any  spoiled  meats  or 
spoiled  fish,  or  any  putrid  animal  substance,  or  the  contents  of  any 
privy  vault,  upon  or  into  any  river,  bay,  creek,  pond,  canal,  road, 
street,  alley,  lot,  field,  meadow,  public  ground,  market  space,  or  com- 
mon *  *  *  he  shall  be  fined  in  any  sum  not  less  than  one  nor 
more  than  fifty  dollars. 

NORTH   DAKOTA. 

[Revised  Codes  of  North  Dakota,  1899.] 

Sec.  7291  (Penal  Code,  sec.  435).  Fouling  water  with  gas  tar. — 
Eveiy  person  who  throws  or  deposits  any  gas  tar  or  refuse  of  any  gas 
house  or  factory  into  any  public  waters,  river,  or  stream,  or  into  any 
sewer  or  stream  emptying  into  any  such  public  waters,  river,  or 
sti'eam,  is  guilty  of  a  misdemeanor. 

[Chap.  60.  Fouling  the  public  waters  of  this  State.] 

Sec.  7653.  Fouling  puhlic  watern, — Every  person  who  deposits  or 
places  or  causes  to  be  deposited  or  placed  any  dead  animal,  offal,  or 
other  refuse  matter  offen.sive  to  the  sight  or  smell  or  deleterious  to 
health  upon  the  banks  or  in  the  waters  of  any  lake  or  stream,  so  far 
as  the  same  is  within  the  jurisdiction  of  the  State  is  guilty  of  a  mis- 
demeanor, and  upon  conviction  thereof  is  punishable  by  a  fine  of  not 
less  than  twenty  and  not  exceeding  one  hundred  dollars. 

Sec.  7654.  Extent  of  last  section. — The  provisions  of  the  last  sec- 
tion shall  be  construed  to  include  privies  and  privy  vaults  and  any 
stable,  shed,  pen,  yard,  or  corral  wherein  is  kept  any  horse,  cattle, 
sheep,  or  swine  and  located  neaier  than  sixty  feet  from  the  toj)  of  the 
bank  of  such  lake  or  stream,  and  also  any  slaughter  house,  grave, 
graveyard,  or  cemetery  located  nearer  than  eighty  f(H?t  therefrom. 
But  the  provisions  of  said  section  shall  not  be  construed  to  prevent 
any  incorJ)orated  city  within  this  State  from  running  its  sewers  into 
any  river:  Provided^  That  where  there  is  a  dam  across  said  river 
within  the  corporate  limits  of  any  such  city,  any  such  sewer  shall  con- 
nect with  such  river  below  such  dam. 

OKL.\HOMA. 
[WllBon'8  Revised  and  Annotated  Statutes  of  Oklahoma,  vol.  1.  p.  894.] 

Sec.  3732.  From  "An  act  to  prevent  public  nuisances  and  fixing 
penalties  for  maintaining  the  same." 
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Sec.  10.  It  shall  l>o  unlawful  for  any  person  or  persons  or  corpoia- 
lions  to  put  any  dead  animal,  carcass,  or  part  thereof  into  any  well, 
spring,  brook,  or  branch  of  running  wat«r  of  which  use  is  made  for 
domestic  purposes.  Every  person  or  persons  so  offending  shall,  oii 
conviction  thereof,  be  fined  in  any  sum  not  less  than  five  nor  more 
than  one  hundred  dollars. 

Sec.  3788.  Any  person  or  persons  or  corporations  who  shall  put 
any  dead  animal  or  any  part  of  the  carcass  of  a  dead  animal  into  any 
river,  creek,  or  pond  shall,  upon  conviction  thereof,  be  fined  in  an}' 
sum  not  less  than  two  nor  more  than  twenty-five  dollars. 

Sec.  2844.  Every  [>erson  who  throws  or  deposits  any  gas  tar  or 
refuse  of  any  gas  house  or  factory  into  any  public  waters,  river,  or 
stream,  or  into  any  sewer  or  stream  emptying  into  any  such  public 
waters,  river,  or  stream  is  guilty  of  a  misdemeanor. 

RHODE  ISLAND. 
[Revision  of  1800,  sec.  10,  p.  077.1 
OFFENCES    AGAINST   THE   PERSON. 

Sec.  10.  Every  person  who  shall  mingle  any  poison  with  any  food, 
drink,  or  medicine,  with  intent  to  kill  or  injure  any  person,  and  every 
person  who  shall  wilfully  |)oison  any  spring,  well,  or  reserv'oir  of 
water  with  such  intent  shall  be  imprisoned  for  life  or  for  any  term  of 
years. 

[Laws  of  Rhode  Island,  1004,  chap.  1222,  p.  33.] 

AN  ACT  for  the  better  protection  of  the  sheU  fisheries  in  the  public  waters  of 

this  State. 

Sec.  1.  No  person  shall  deposit  in,  or  allow  to  escape  into,  or  shall 
cause  or  permit  to  be  deposited  in,  or  allowed  to  escape  into  any  of  the 
public  waters  of  this  State  any  substance  which  shall  in  any  manner 
injuriously  affect  the  growth  of  the  shellfish  in  or  imder  said  waters, 
or  which  shall  in  any  ntanner  affect  the  flavor  or  odor  of  such  shell- 
fish so  as  to  injuriously, affect  the  sale  thereof,  or  which  shall  cause 
any  injury  to  the  public  and  private  fisheries  of  this  State. 

Sec.  2.  Any  person  violating  any  of  the  provisions  of  this  act 
shall,  upon  conviction  thereof,  be  fined  not  less  than  five  hundred 
dollars  or  more  than  two  thousand  dollars,  one-half  thereof  to  the 
use  of  the  complainant  and  one-half  thereof  to  the  use  of  the  State: 
Provided^  That  in  case  of  conviction  upon  prosecution  by  the  com- 
missioners of  shell  fisheries  the  whole  of  any  fine  imposed  shall  go  to 
the  use  of  the  State. 

Sec.  3.  Every  person  violating  any  of  the  provisions  of  this  act 
shall  be  liable  to  pay  to  the  party  injured  by  such  violation  double 
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the  amount  of  damages  caused  thereby,  to  l)e  recovered  in  an  action 
of  the  case  in  any  court  of  competent  jurisdiction.  It  shall  not  be 
necessary,  before  bringing  suit  for  the  recovery  of  such  damages,  for 
a  criminal  prosecution  to  have  l)een  first  instituted  for  the  violation 
of  the  provisions  of  this  act,  nor  shall  the  recovery  of  damages  under 
this  section  he  a  bar  to  such  criminal  prosecution. 

Sec.  4.  It  shall  be  the  duty  of  the  commissioners  of  shell  fisheries 
to  investigate  all  complaints  made  to  them  of  the  violation  of  any  of 
the  provisions  of  this  act.  For  the  purpose  of  such  investigation  said 
commissioners  may  make  examination  of  the  premises,  hold  public 
hearings,  summon  witnesses,  and  take  testimony  under  oath,  and  they 
shall  have  power  to  punish,  by  fine  or  imprisonment  or  both,  all  con- 
tempt of  their  authority  in  any  hearing  before  them.  They  may 
employ  professional  or  expert  services  as  they  may  deem  desirable. 

Sec.  5.  It  shall  be  the  duty  of  the  shell  fish  commissioners  to  prose- 
cute any  perscm  in  their  opinion  guilty  of  the  violation  of  any  of  the 
provisions  of  this  act,  and  in  all  such  prosecutions  said  commissioners 
shall  not  be  required  to  enter  into  any  recognizance  or  to  give  surety 
for  costs.  It  shall  be  the  duty  of  the  attorney-general  to  conduct  the 
prosecution  of  all  cases  brought  by  said  commissioners  under  the 
provisions  of  this  act.  Complaints  may  also  be  brought  and  prose- 
cuted by  any  citizen  for  any  violation  of  its  provisions. 

Sec.  6.  The  expenses  incurred  by  the  commissioners  of  shell  fish- 
eries in  the  performance  of  the  duties  imposed  upon  them  by  this  act 
shall  be  paid  by  the  general  treasurer  out  of  any  funds  in  the  treasury 
not  otherwise  appropriated,  upon  the  presentation  of  vouchers  there- 
for duly  certified  by  their  chairman. 

Sec.  7.  All  provisions  of  the  General  Laws,  of  the  Public  Laws, 
and  of  any  special  law  inconsistent  herewith  are  hereby  repealed, 
and  this  act  shall  take  eflFect  upon  its  passage. 

[Laws  of  Rhode  Island,  1904,  chap.  1178,  p.  58.1 

AN  ACT  to  prevent  pollution  of  the  soureeH  of  the  water  supply  of  the  cities 
of  Pawtueket  and  Woonsocket  and  the  towns  of  Bristol  and  East  Providence. 

Sec.  1.  Section  1  of  chapter  491  of  the  Public  Laws  is  hereby 
amended  so  as  to  read  as  follows : 

"  Sec.  1.  No  person  shall  throw  or  discharge,  or  suffer  to  be  dis- 
charged from  land  owned,  occupied,  or  controlled  by  him,  into  any 
stream,  pond,  or  reservoir  used  as  a  source  of  water  supply  by  the 
city  of  Woonsocket,  the  city  of  Pawtueket,  the  city  of  Newport,  the 
town  of  Bristol,  the  town  of  Warren,  the  town  of  East  Providence, 
the  town  of  Narragansett,  the  town  of  Jamestown,  the  East  Green- 
wich fire  district,  or  by  any  water  company  supplying  water  for 
domestic  use  in  any  of  said  cities  or  towns,  or  into  any  tributary  or 
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feeder  of  any  such  stream,  pond,  or  reservoir,  any  sewerage,  drainage, 
refuse,  or  noxious  or  polluting  matter  of  such  nature  as  will  corrupt 
or  impair  the  quality  of  the  waters  of  said  stream,  pond,  or  reservoir, 
or  render  the  same  injurious  to  health,  which  water  shall  be  of  the 
recognized  standard  of  purity  to  be  determined  by  the  State  board 
of  health  or  other  recognized  authority.  But  the  provisions  of  this 
section  shall  not  interfere  with  or  |)revent  the  enriching  of  land  for 
agricultural  purpos<»s  by  the  owner  or  occupant  thereof  if  no  human 
excrement  is  used  thereon.  Any  person  violating  the  provisions  of 
this  section  shall  l)e  punished  for  each  offence  by  a  fine  of  fifty  dollars 
or  by  imprisonment  for  not  to  exceed  thirty  days  or  by  both  such  fine 
and  imprisonment. 

Sei'.  2.  Section  2  of  chapter  491  is  hereby  amended  so  as  to  read  as 
follows : 

"  Se(\  2.  The  State  board  of  health  or  the  secretary  of  said  board, 
when  satisfied  that  any  sewerage,  drainage,  or  refuse  or  polluting 
matter  exists  in  a  locality  such  that  there  is  danger  that  said  sewer- 
age, drainage,  or  refuse  or  polluting  matter  may  corrupt  or  impair 
the  quality  of  said  waters  or  render  them  injurious  to  health,  may 
order  the  owner  or  occupant  of  the  premises  where  said  sewerage, 
drainage,  or  refuse  or  polluting  matter  exists  to  remove  the  same  from 
said  premises  within  such  time  after  the  serving  of  the  notice  pre- 
scribed in  the  next  succeeding  section  as  said  board  or  secretary  may 
designate;  and  if  the  owner  or  occupant  neglects  or  refuses  so  to  do 
he  shall  be  fined  twenty  dollars  for  each  day  during  which  he  pennits 
said  sewerage,  drainage,  or  refuse  or  polluting  matter  to  remain  upon 
said  premises  after  the  time  prescribed  for  the  removal  thereof/' 

Sec.  3.  Section  8  of  chapter  491  is  hereby  amended  so  as  to  read  as 
follows : 

'*  Sec.  3.  Such  notice  shall  l)e  in  writing,  signed  by  the  secretary  of 
the  State  l>oard  of  health  or  the  person  performing  the  duties  of  that 
official,  and  shall  be  served  by  any  sheriflF,  deputy  sheriff,  or  con- 
stable by  reading  the  same  in  the  j)resence  or  hearing  of  the  owner, 
occupant,  or  his  authorized  agent,  or  by  leaving  a  copy  of  the  same  in 
the  hands  or  possession  of,  or  at  the  last  and  usual  place  of  abode  of, 
said  owner,  occupant,  or  agent  if  within  this  State:  Provideih  haw- 
ere7%  That  if  said  owner,  occupant,  or  agent  be  a  corporation  incor- 
porated in  this  State,  said  notice  shall  be  served  by  leaving  a  copy 
thereof  at  the  last  and  usual  place  of  alx)de  of  the  president  or  person 
performing  the  duties  of  president  of  said  corporation.  But  if  said 
premises  are  mioccupied,  or  the  residence  of  the  owner  is  unknown  or 
without  this  State,  or  if  the  said  owner  is  a  corporation  incorporated 
without  this  State,  the  notice  may  be  served  by  posting  a  copy  of  the 
same  on  the  premises  and  by  advertising  the  same  in  some  newspaper 
published  in  Providence  County  in  such  manner  and  for  such  length 
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of  time  as  the  State  board  of  health  or  the  Secretary  thereof  may 
determine." 

Sec.  4.  Section  4  of  chapter  491  is  hereby  amended  so  as  to  read  as 
follows : 

'*  Sec.  4.  The  secretary  of  the  State  board  of  health,  when  so 
directed  by  said  board,  shall  prosecute  for  all  violations  of  this  chap- 
ter and  shall  not  be  required  to  ^ive  surety  for  costs  upon  complaints 
made  by  him ;  but  the  cities  of  Woonsocket  and  Pawtucket  and  the 
towns  of  Bristol  and  East  Providence  shall  \)e  directly  liable  to  the 
State  for  the  costs  incurred  in  the  prosecution  for  violation  of  this 
chapter  in  their  re>>pective  cases." 

Sec.  5.  Section  5  of  chapter  491  is  hereby  amended  so  as  to  read  as 
follows : 

*'  Sec.  5.  The  appellate  division  of  the  supreme  court,  upon  the 
application  of  the  mayors  of  said  cities  or  the  presidents  of  the  town 
councils  of  said  towns,  or  upon  the  application  of  the  secretary  of  the 
State  board  of  health,  may  issue  an  injunction  to  enforce  the  orders 
of  the  State  board  of  health,  or  the  secretary  thereof,  provided  for  in 
this  chapter." 

Sec.  6.  All  acts  and  parts  of  acts  inconsistent  herewith  are  hereby 
repealed,  and  this  act  shall  take  etfect  upon  its  passage. 

Passed  April  12,  1904. 

WISCONSIN. 
[Wisconsin  Statutes.  181)8,  p.  051.1 

POWERS    OF   COUNCIL    IN    CITIES    irNDER   GENERAL    I^W. 

57.  To  provide  for  the  preservation  of  any  harbor  within  or  of 
the  city;  prevent  any  use  of  the  same  or  of  such  part  of  any  lake, 
river,  stream,  spring,  or  pond  as  is  within  the  city,  or  any  action  in 
relation  thereto  inconsistent  with  or  detrimental  to  the  public  health 
or  calculated  to  render  the  water  of  the  same  or  any  part  thereof 
impure  or  oflFensive:  or  tending  in  any  degree  to  fill  up  and  obstruct 
the  same;  prohibit  and  punish  the  casting  or  depositing  therein  of 
any  earth,  dead  animals,  ashes,  or  other  substance,  or  filth,  logs,  or 
floating  matter.     *     *     * 

PRESERVATION    OF   PUBLIC    HEALTH. 
[Idem,  p.  1065.] 

Slaughterhouses.  Sec.  1418.  No  person  shall  erect,  maintain,  or 
keep  any  slaughterhouse  upon  the  bank  of  any  river,  running  stream, 
or  creek,  or  throw  or  deposit  therein  any  dead  animal  or  any  part 
thereof  or  any  of  the  carcass  or  offal  therefrom,  nor  throw  or  deposit 
the  same  into  or  upon  the  banks  of  any  river,  stream,  or  cn»ek  which 
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shall  flow  through  any  city,  village,  or  organized  town  containing  two 
hundred  or  more  inhabitants,  or  erect,  maintain,  or  use  any  building 
for  a  slaughterhouse  within  the  limits  of  any  village,  incorporated  or 
unincorporated,  or  at  any  place  within  one-eighth  of  a  mile  of  any 
dwelling  house  or  a  building  occupied  as  a  place  of  business;  and 
every  perscm  who  shall  violate  any  of  the  provisions  of  this  section 
shall  forfeit  for  each  such  violation  not  less  than  ten  dollars  nor  more 
than  one  hundred  dollars;  and  the  mayor  of  the  city,  president  of  the 
village,  and  the  chairman  of  the  town  in  which  any  such  slaughter- 
house is  located  shall  have  the  power  to  and  shall  cause  the  same  to  be 
immediately  removed;  and  every  such  officer  who  shall  knowingly 
permit  any  such  slaughterhouse  to  be  used  or.  maintained  contrary  to 
the  provisions  of  this  section  shall  forfeit  not  less  than  fifteen  dollars 
nor  more  than  fifty  dollars.  In  any  county  containing  a  population 
of  one  hundred  thousand  or  over  all  the  provisions  of  this  section 
relating  to  slaughterhouses  shall  apply  to  all  establishments  and 
manufactories  in  which  dead  animals  or  any  part  thereof  or  any  of 
the  carcasses  or  oflFal  therefrom  are  collected  and  converted  into  mar- 
ketable products. 

OFFENSES    AGAINST   LIVES    AND   PERSONS. 
[Idom,  p.  2G69.] 

Sec.  4384.  Poisoning  food^  drink,  etc. — Any  person  who  shall 
mingle  any  poison  with  any  food,  drink,  or  medicine,  with  intent  to 
kill  or  injure  any  other  person,  or  who  shall  wilfully  poison  any 
spring,  well,  or  reservoir  of  water  with  such  intent,  shall  be  punished 
by  imprisonment  in  the  State  prison  not  more  than  ten  years  nor  less 
than  one  year. 

[Laws  of  Wisconsin,  1905,  chap.  402.] 

AN  ACT  to  amend  section  4507  of  the  statutes  of  1898,  as  amended  by  chapter 
325,  laws  of  1903,  prohibiting  dei>ositing  of  deleterious  substances  in  waters 
and  providing  a  penalty. 

Sec.  1.  Section  4567  of  the  statutes  of  1898,  as  amended  by  chapter 
325,  laws  of  1903,  is  hereby  amended  by  adding  after  the  words, 
"  decayed  wood,"  where  they  occur  in  line  14  of  chapter  325,  laws  of 
1903,  the  words:  "Sawdust,  sawmill  oflfal,  and  planing  mill  shav- 
ings; "  also  by  adding  after  the  word  "  paper  "  where  it  occurs  in  line 
16  of  chapter  325,  laws  of  1903,  the  words  "beet  sugar;"  further 
amend  by  striking  out  the  word  "  or  "  in  line  20,  all  of  lines  21,  22, 23, 
24,  and  25,  and  the  words  "  mill  shavings  "  in  line  26  of  chapter  325. 
laws  of  1903 ;  also  further  amend  by  adding  after  the  word  "  mouth," 
where  it  occurs  in  line  30  of  chapter  325,  laws  of  1903,  the  words 
"  nothing  in  this  section  shall  apply  to  the  following  streams :  The 
Kickapoo  River,  the  Pine  River  in  Richland  County,  Balsam  branch 
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in  Polk  County,  the  Chippewa  River  from  mouth  of  Thornapple 
River  to  its  mouth,  Flambeau  River  from  dam  at  Ladysmith  to  its 
mouth.  Black  River  from  Falls  Dam  down,  in  Jackson  County,  and 
the  Wisconsin  River  from  the  north  boundary  line  of  the  city  of 
Rhinelander  down  to  its  mouth,"  so  that  said  section  4567  when  so 
amended  shall  read  as  follows : 

"  Section  45()7.  Any  person  who  shall  cast,  deposit,  or  throw  over- 
board from  any  row,  sail,  or  steam  boat  or  other  craft  into  any  of  the 
inland  waters  of  this  State  or  into  (ireen  Bay,  Sturgeon  Bay,  and 
Chequamegon  Bay,  or  deposit  or  leave  upon  the  ice  thereof  until  it 
melts,  any  fish  offal,  which  shall  be  construed  to  mean  and  include 
the  head,  intestines,  blood,  and  cleanings  of  fish  and  dead  fish,  or 
throw  or  deposit  or  permit  to  be  thrown  or  deposited  any  lime,  tan- 
bark,  ship  ballast,  stone,  sand,  slabs,  decayed  wood,  sawdust,  saw- 
mill offal,  and  planing-mill  shavings,  or  any  acids  or  chemicals  or 
waste  or  refuse  arising  from  the  manufacture  of  pulp,  paper,  or  beet 
sugar,  or  other  substances  deleterious  to  fish  life  (authorized  drain- 
age and  sewage  from  municipalities  excepted),  into  any  of  the  rivers, 
lakes,  or  streams  of  this  State,  including  Green  Bay,  Chequamegon 
Bay,  Sturgeon  Bay,  or  into  any  streams  wherein  there  have  l)een 
planted  trout  fry,  or  in  which  trout  naturally  abound,  shall  be  pun- 
ished by  a  fine  of  not  less  than  twenty-five  dollars  nor  more  than  one 
hundred  dollars,  or  by  imprisonment  in  the  county  jail  not  less  than 
thirty  days  nor  more  than  four  months.  (Nothing  in  this  section 
shall  apply  to  the  following  streams:  The  Kickapoo  River,  the  Pine 
River  in  Richland  County,  Balsam  branch  in  I\)lk  County,  the  Chip- 
pewa River  from  the  mouth  of  Thornapple  River  to  its  mouth,  Flam- 
beau River  from  dam  at  Ladysmith  to  its  mouth,  the  Black  River 
from  the  Falls  Dam  down  in  Jackson  County,  and  the  Wisconsin 
River  from  the  north  boundary  line  of  the  city  of  Rhinelander  down 
to  its  mouth.)  The  fact  of  any  fisherman  coming  to  the  shore  with 
dressed  fish  in  his  lx>at  and  without  the  offal  produced  by  such  drt^ss- 
ing  shall  l)e  prima  facie  evidencA^  of  the  violation  of  the  first  clause  of 
this  section." 

Sec.  2.  All  acts  or  parts  of  acts  inconsistent  with  or  in  conflict  with 
the  provisions  of  this  act  are  hereby  repealed. 

Sec.  3.  This  act  shall  take  effect  and  be  in  force  from  and  after  its 
passage  and  publication. 

Approved,  June  17,  1905. 

CLASS  II.  STATES  WITH  GENERAL  RESTRICTIONS. 

This  group  consists  of  those  States  and  Territories  in  which  the 
importance  of  pure  water  for  every  inhabitant  of  the  State  or  Terri- 
tory for  drinking  and  domestic  purposes  has  received  legislative 
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recognition.  It  will  be  noted  that  the  laws  are  general  in  their  appli- 
cation, varying  much  in  the  elaborateness  of  the  wording  and  in  the 
emphasis  laid  upon  the  remedies  and  penalties  provided  for  infrac- 
tions of  the  law. 

This  class  logically  includes  all  States  not  included  in  Cla.ss  I,  but 
inasmuch  as  certain  States  have  recently  adopted  stringent  and  elab- 
orate methods,  novel  and  extraordinary  in  their  character,  to  reston* 
and  protect  the  purity  of  their  navigable  and  potable  waters,  thesi* 
States  have  Ix^en  omitted  from  Class  II  and  are  treated  in  a  class  by 
themselves,  forming  Class  III  (see  p.  57). 

CALIFORNIA. 
[Penal  code  as  in  force  at  the  close  of  the  sesHlon  of  1901.] 

Sec.  874.  Putting  dead  anlmah  in  ,strectf<^  rirern^  etc, — Every  per- 
son who  puts  the  carcass  of  any  dead  animal,  or  the  offal  from  any 
slaughter  pen,  corral,  or  butcher  shop  into  any  river,  creek,  pond,  res- 
ervoir, stream,  street,  alley,  public  highway,  or  road  in  common  use, 
or  who  attempts  to  destroy  the  same  by  fire  within  one-fourth  of  a 
mile  of  any  city,  town,  or  village,  except  it  be  in  a  crematory,  the 
construction  and  operation  of  which  is  satisfactory  to  the  board  of 
health  of  such  city,  town,  or  village;  and  every  person  who  puts  any 
water-closet  or  privy,  or  the  carcass  of  any  dead  animal,  or  any  offal 
of  any  kind  in  or  upon  the  l)orders  of  any  stream,  pond,  lake,  or  res- 
ervoir from  which  water  is  drawn  for  the  supply  of  the  inhabitants  of 
any  city,  city  and  county,  or  any  town  in  this  State,  so  that  the  drain- 
age for  such  water-clos<»t,  privy,  or  carcass,  or  offal  may  l)e  taken  up 
by  or  in  such  stream,  pond,  lake,  or  reservoir;  or  who  allows  any 
water-closet  or  privy,  or  carcass  of  any  dead  animal,  or  any  offal  of 
any  kind  to  remain  in  or  upon  the  borders  of  any  such  stream,  pond, 
lake,  or  reservoir  within  the  Ixnindaries  of  any  land  owned  or  occu- 
pied by  him,  so  that  the  drainage  from  such  water-closet,  privy,  car- 
cass, or  offal  may  l)e  taken  up  by  or  in  such  stream,  p>ond,  lake,  or 
reservoir,  or  who  keeps  any  horses,  mules,  cattle,  swine,  sheep,  or 
live  stock  of  any  kind  penned,  corralled,  or  housed  on,  over,  or  on  the 
borders  of  any  such  stream,  pond,  lake,  or  reservoir,  so  that  the  waters 
thereof  l)ecome  polluted  by  reason  thereof,  or  who  bathes  in  any  such 
stream,  pond,  lake,  or  reservoir,  or  who  by  any  other  means  fouls  or 
pollutes  the  waters  of  any  such  stream,  pond,  lake,  or  reservoir  is 
guilty  of  a  misdemeanor,  and  upon  conviction  thereof  shall  be  pun- 
ished as  described  in  section  377.  (Conmiissioners'  amendments, 
approved  March  10,  1901;  took  effect  July  1,  1901.) 

Sec.  374^.  Discharging  coal  tar^  etc,^  into  waters. — Every  person, 
firm,  association,  or  corporation  which  shall  discharge  or  deposit,  or 
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shall  cause  or  suffer  to  1k»  discharged  or  deposited,  or  to  pass  in  or 
into  the  waters  of  any  navigable  bay  or  river  in  this  State  any  coal 
tar  or  refuse  or  residuary  product  of  coal,  petroleum,  asphalt,  bitu- 
men, or  other  carbonaceous  material  or  substance  is  guilty  of  a  mis- 
demeanor, and  for  each  offense  is  punishable  by  imprisonment  in  the 
county  jail  for  not  exceeding  one  year  or  by  fine  not  exceeding  $1,000 
or  by  both  such  fine  and  imprisonment.  (New  section,  approved 
March  25,  1901;  took  effect  immediately.     Statutes,  1901,  p.  813.) 

[Statutes  of  CnUfornla,  190r>,  chap.  CXXXV,  p.  138.] 

AN  ACT  to  amend  the  i)enal  c<Hle  of  the  State  of  California  by  adding  a  now  sec- 
tion thereto,  to  l)e  nund)ered  wH'tlon  I^Tb,  making  it  a  miwlemeanor  to  refuse  or 
neglect  to  conform  to  the  rules,  orders,  and  regulations  of  the  State  board  of 
health,  eoncerning  the  pollution  of  water,  used  or  intended  to  be  used  for 
human  or  animal  consumption : 

Sec.  1.  A  new  section  to  l)e  numbered  section  877b  is  hereby  added 
to  the  penal  code  of  the  State  of  California,  to  read  as  follows: 

377b.  Any  person  who  shall  violate  or  refuse  or  neglect  to  conform 
to  any  sanitary  rule,  order,  or  regulation  prescril)ed  by  the  State 
board  of  health  for  the  prevention  of  the  pollution  of  springs, 
streams,  rivers,  lakers,  wells,  or  other  waters  used  or  intended  to  be 
used  for  human  or  animal  consumption  shall  be  guilty  of  a  mis- 
demeanor. 

Sec.  2.  All  acts  and  parts  of  acts  inconsistent  or  in  conflict  with  this 
act  are  hereby  repealed. 

Sec.  3.  This  act  shall  take  effect  immediately.  ( Act  of  March  18, 
1905.) 

[  statutes  of  California,  1905,  Chap.  CXXXV  I.  p.  l'.\K] 

AN  ACT  To  amend  the  penal  emle  of  the  State  of  California  by  adding  a  new 
section  thereto,  to  In*  numl>ere<l  section  .'^77c.  making  it  a  misdemeanor  to 
refuse  or  neglect  to  conform  to  the  rules,  orders,  and  regulations  of  the  State 
board  of  health,  concerning  the  pollution  of  ice  used  or  intendeil  for  public 
consumption. 

Sec.  1.  A  new  section,  to  l)e  numl)ered  »377c,  is  hereby  added  to  the 
penal  code  of  the  State  of  California,  to  read  as  follows: 

377c.  Any  person  who  shall  violate,  or  refuse  or  neglect  to  conform 
to  any  sanitary  rule,  order,  or  regulation  prescrilxnl  by  the  State 
board  of  health  for  the  prevention  of  the  pollution  of  ice  or  the  sale 
or  disposition  of  polluted  ice  offered,  kept,  or  intended  for  public  use 
or  consumption,  shall  Ik?  jjuilty  of  a  misdemeanor. 

Sec.  2.  All  acts  and  parts  of  acts  inconsistent  or  in  conflict  with  this 
act  are  hereby  repealed. 

Sec.  3.  This  act  shall  take  effect  inunediately.  (Act  of  March  18, 
1905.) 
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CX)LORADO. 
[Mills'  Annotated  Statutes.  1891,  p.  949.] 

Sec.  1376.  Polluting  streams — penalty. — If  any  person  or  persons 
shall  hereafter  throw  or  discharge  into  any  stream  of  running  water 
or  into  any  ditch  or  flume  in  this  State  any  obnoxious  substance,  such 
as  refuse*  matter  from  slaugliterhouse  or  pri\^,  or  slops  from  eating 
houses  or  saloons,  or  any  other  fleshy  or  vegetable  matter  which  is 
subject  to  decay  in  the  water,  such  person  or  persons  shall,  upon  con- 
viction thereof,  be  punished  by  a  fine  not  less  than  one  hundred  dol- 
lars nor  more  than  five  hundred  dollars  for  each  and  every  offense  so 
committed. 

Sec.  1857  provides  a  penalty  not  exceeding  five  hundred  dollars  for 
anyone  ''  who  shall  in  anywise  pollute  or  obstruct  any  water  course, 
lake,  pond,  marsh,  or  common  sewer,  or  continue  such  obstruction  or 
pollution  so  as  to  render  the  same  offensive  or  unwholesome,"  &c. 

Sec.  3330  (p.  1861).  Emptying  oil  into  the  xcaters  of  the  State  a 
misdemeanor — penalty, 

AN  ACT  To  prohibit  tlie  emptying  or  running  of  oil  or  petroleum,  or  other  ole- 
aginous substance  into  any  waters  of  this  State,  and  to  impose  a  i>enalty  for 
the  violation  of  this  act. 

[Laws,  18H9,  p.  287.  approved  March  7,  1889,  In  force  June  7,  1889.] 

If  any  person  or  persons,  corporation  or  corporations  shall  hereafter 
empty  or  cause  to  1k»  emptied,  or  allow  the  emptying  or  flowing  of 
oil,  petroleum,  or  other  oleaginous  substance  into  any  of  the  waters 
of  this  State,  or  deposit  or  cause  the  same  to  be  deposited  at  such 
distance  that  the  same  may  be  carried  into  such  waters  by  natural 
causes,  such  person  or  persons,  corporation  or  corporations  so  offend- 
ing shall  be  deemed  guilty  of  a  misdemeanor,  and  upon  conviction 
thereof  shall  be  punished  by  a  fine  not  exceeding  one  thousand  dol- 
lars, or  imprisonment  in  the  county  jail  not  exceeding  six  months,  or 
both  such  fine  and  imprisonment,  for  each  such  offense. 

ILLINOIS. 
[Kurd's  Revised  Statutes,  1901,  sec.  202,  p.  627.] 

WTioever  willfully  and  maliciously  defiles,  corrupts,  or  makes  im- 
pure any  spring  or  other  source  of  water  or  reservoir  *  *  * 
shall  be  fined  not  exceeding  one  thousand  dollars  or  confined  in  a 
county  jail  not  exceeding  one  year. 

Page  G81,  section  221,  makes  it  a  public  nuisance — 
1.  To  cause  or  suffer  the  carcass  of  any  animal  or  any  offal,  filth, 
or  noisome  substance  to  be  collected  or  deposited  or  to  remain  in  any 
place  to  the  prejudice  of  others. 
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2.  To  throw  or  deposit  any  offal  or  other  offensive  matter,  or  any 
carca^  of  any  dead  animal,  in  any  water  course,  lake,  pond,  spring, 
well,  or  common  sewer,  street,  or  public  highway. 

3.  To  corrupt  or  render  unwholesome  or  impure  the  water  of  any 
spring,  river,  stream,  pond,  or  lake  to  the  injury  or  prejudice  of 
others. 

INDIANA. 

[Burns's  Annotated  Statutes,  1904.] 

Sec.  2156.  Nuisance  hy  dead  animals, — A\Tioever  puts  the  carcass 
of  any  dead  animal  or  the  offal  from  any  slaughterhouse  or  butcher!s 
establishment,  packing  house,  or  fish  house,  or  any  spoiled  meats  or 
spoiled  fish,  or  any  putrid  animal  substance,  or  the  contents  of  any 
privy  vault  upon  or  into  any  river,  pond,  canal,  lake,  public  ground, 
market  place,  common,  field,  meadow,  lot,  road,  street,  or  alley,  and 
whoever,  being  the  owner  or  occupant  of  any  such  place,  knowingly 
permits  any  such  thing  to  remain  therein  to  the  annoyance  and  injury 
of  any  of  the  citizens  of  the  State,  or  neglects  or  refuses  to  remove  or 
abate  the  nuisance  occasioned  thereby  within  twenty-four  hours  after 
knowledge  of  the  existence  of  such  nuisance  upon  any  of  the  above 
described  premises  owned  or  occupied  by  him,  or  after  notice  thereof, 
in  writing,  from  any  health  officer  of  the  city  or  the  trustee  of  the 
township  in  which  such  nuisance  exists,  shall  be  fined  not  more  than 
one  hundred  dollars  nor  less  than  one  dollar. 

Sec.  2169.  Whoever  maliciously  or  mischievously  puts  any  dead 
animal  carcass  or  part  thereof  on,  or  any  other  putrid,  nauseous, 
noisome,  or  offensive  substance  into,  *  *  *  or  in  any  manner 
befouls  any  well,  cistern,  spring,  brook,  canal,  or  stream  of  running 
water,  or  any  reservoir  of  waterworks  of  which  any  use  is  made  or 
may  be  made  for  domestic  purposes  shall  be  fined  not  more  than  one 
hundred  dollars  nor  less  than  five  dollars,  to  which  may  be  added 
imprisonment  in  the  county  jail  not  more  than  sixty  days  nor  less 
than  ten  days. 

(The  foregoing  section  is  repealed  by  the  act  of  1905  hereafter 
quoted.) 

Sec.  3538.  Streams  and  ferries, — The  common  council  shall  have 
exclusive  power  to  keep  open  streams,  and  preserve,  and,  if  necessary 
and  expedient,  change  the  course  of  rivers  passing  through  or  border- 
ing upon  the  corporate  limits  of  such  city:  to  prevent  encroachment 
or  injury  to  the  banks  thereof,  or  the  casting  into  the  same  of  offal, 
dead  animals,  logs,  or  rubbish.  *  *  * 
IRB  152—05  M 4 
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[Acts  of  1901,  Chap.  LXI,  p.  96.] 

AN  ACT  prohibiting  tlio  discharge  of  waste  water  and  refuse  of  manufacturing 
establishments  into  streams  of  water,  conferring  certain  powers  uiK)n  the 
State  board  of  health  in  sucli  cases,  providing  penalties  for  the  violation 
thereof,  and  declaring  an  emergency. 

Section  1.  Be  it  enacted  hy  the  general  a^ssemhly  of  the  State  of 
Indiana^  That  it  shall  l)e  unlawful  for  any  person,  firm,  or  corpora- 
tion owning  or  operating  any  manufacturing  establishment  to  dis- 
charge or  permit  to  be  discharged  into  any  stream  of  water  any  waste 
water  or  refuse  from  said  factory  of  such  character  as  to  pollute  said 
stream,  except  by  and  in  pursuance  to  a  written  permission  so  to  do, 
first  obtained  from  the  State  lx)ard  of  health  as  hereinafter  provided. 

Sec.  2.  ^Mienever  any  person,  firm,  or  corporation  owning  or 
operating  a  manufacturing  establishment  shall  file  with  the  secre- 
tary of  the  State  board  of  health  a  verified  application  in  writing, 
asking  permission  to  be  allowed  to  discharge  into  any  stream  any 
waste  water  or  refuse  from  such  establishment,  and  showing  therein 
that  the  water  of  said  stream  is  at  such  stage  as  that  such  refuse  or 
waste  water  may  l>e  safely  discharged  into  such  stream  without 
injury  to  the  public,  it  shall  be  the  duty  of  such  board  to  inspect  the 
said  stream  at  and  below  the  point  of  such  proposed  discharge,  and 
if  it  is  found  that  such  refuse  and  waste  water  may  be  safely  dis- 
charged therein  without  injury  as  aforesaid,  the  said  board  may,  in 
its  discretion,  grant  and  issue  a  written  permit  allowing  such  dis- 
charge into  said  stream  for  a  time  to  be  limited  therein,  which  per- 
mit shall  be  void  and  of  no  effect  after  the  time  so  fixed,  and  may  be 
revoked  by  said  board  at  any  time.  The  holder  of  any  such  permit 
regularly  issued  by  such  board  shall  1h»  authorized  to  discharge  any 
such  refuse  or  waste  water  into  such  stream  during  the  time  fixed 
and  limited  in  such  permit,  and  shall  not  be  liable  therefor  in  any 
suit  at  law  or  in  equity:  Provided^  That  nothing  herein  contained 
shall  prevent  any  person  specially  damaged  by  any  such  discharge 
from  recovering  the  amount  of  such  special  damages  so  sustained  in 
an  action  at  law  brought  for  such  purpose. 

Sec.  3.  Any  person,  firm,  or  corporation  violating  any  of  the  pro- 
visions of  this  act  shall  be  fined  in  any  sum  not  less  than  twenty-five 
dollars  nor  more  than  five  hundred  dollars. 

Sec.  4.  Whereas  an  emergency  exists  for  the  immediate  taking 
effect  of  this  act,  the  same  shall  be  in  force  on  and  after  its  passage. 

[Laws  of  1905,  chap.  169,  p.  584.] 

Sec.  553.  Befovling  water, — AVhoever  maliciously  or  mischievously 
puts  any  dead  animal,  carcass,  or  part  thereof,  or  any  other  putrid, 
nauseous,  noisome,  or  offensive  substance  into,  or  in  any  manner  be- 
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fouls  any  well,  cistern,  spring,  brook,  canal,  or  stream  of  running 
water,  or  any  reservoir  of  waterworks,  of  which  any  use  is  or  may 
be  made  for  domestic  purposes,  shall,  on  conviction,  be  fined  not  less 
than  five  dollars  nor  more  than  one  hundred  dollars,  to  which  may 
be  added  imprisonment  in  the  county  jail  not  less  than  ten  days  nqj: 
more  than  sixty  days. 

Sec.  689.  Repeal. — All  laws  within  the  purview  of  this  act  are 
hereby  repealed;  but  this  repeal  shall  not  aflFect  any  prosecutions  • 
pending  or  offenses  heretofore  committed  under  existing  laws,  and 
^uch  prosecutions  and  offenses  shall  be  continued  and  prosecuted 
to  a  final  determination,  as  if  this  act  had  not  passed;  nor  shall 
this  repeal  affect  the  enforcement  of  any  fine  or  penalty  or  other  pun- 
ishment provided  as  a  punishment  for  the  violation  of  any  civil 
statute;  nor  shall  this  act  be  construed  to  repeal  any  act  passed  at 
this  session  of  the  general  assembly. 

(Approved  March  9,  1905.) 

MAINE. 

[LawB  of  1891,  chap.  82,  p.  67.] 

AN  ACT  to  protect  waters  used  for  domestic  purposes. 

Sec.  1.*»  Whoever  knowingly  and  willfully  poisons,  defiles,  or  in 
any  way  corrupts  the  waters  of  any  wtII,  spring,  brook,  lake,  pond, 
river,  or  reservoir  used  for  domestic  purposes  for  man  or  beast,  or 
knowingly  corrupts  the  sources  of  the  water  supply  of  any  water 
company  or  of  any  city,  town,  or  municipal  corporation  supplying 
its  inhabitants  with  water,  or  the  tributaries  of  said  sources  of  sup- 
ply, in  such  manner  as  to  affect  the  purity  of  the  water  so  supplied, 
or  knowingly  defiles  such  water  in  any  manner,  whether  the  same 
l)e  frozen  or  not,  or  puts  the  carcass  of  any  dead  animal  or  other 
offensive  material  into  said  waters  or  upon  the  ice  thereof,  shall  be 
punished  by  a  fine  not  exceeding  one  thousand  dollars  or  by  impris- 
onment not  exceeding  one  year. 

Sec.  2.  Whoever  shall  wilfully  injure  any  of  the  property  of  any 
water  company  or  of  any  city,  town,  or  municipal  corporation  used  by 
it  in  supplying  water  to  its  inhabitants  shall  be  punished  by  a  fine  not 
exceeding  one  thousand  dollars  or  by  imprisonment  not  exceeding  one 
year,  and  such  person  shall  also  forfeit  and  pay  to  such  water  com- 
pany, city,-  or  town  three  times  the  amount  of  actual  damages  sus- 
tained, to  be  recovered  in  an  action  of  the  case.  (As  amended  by  the 
*  laws  of  1905,  Chap.  93,  p.  97.) 

Sec.  3.  Inconsistent  acts  repealed. 

*  Ab  amended  by  laws  of  1005,  chap.  07,  p.  100. 
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lLaw8  of  lUiVA,  Special  LawH,  chap.  94,  p.  156.1 

AN  ACT  to  prevent  the  i)ollution  (»f  the  waters  of  Sebaj?o  Ijike. 

Sec.  1.  No  person  or  corporation  shall  use  or  occupy  any  structure 
hereafter  built  upon  or  near  the  shores  of  Sebago  Lake,  in  the  county 
of  Cumberland,  or  upon  any  of  the  islands  of  said  lake  for  such  pur- 
poses or  in  such  manner  that  the  sewage  or  drainage  therefrom  shall 
enter  the  waters  of  said  lake  or  pollute  the  same. 

Sec.  2.  No  sewage,  drainage,  refuse,  or  polluting  matter  of  such 
kind  and  amount  as  either  by  itself  or  in  connection  with  other  mat- 
ter will  corrupt  or  impair  the  quality  of  the  water  of  said  Sebago 
Lake  or  render  it  injurious  to  health  shall  be  discharged  into  said 
lake,  but  nothing  herein  shall  prohibit  the  cultivation  and  use  of  the 
soil  in  the  ordinary  methods  of  agriculture  if  no  human  excrement  is 
used  thereon  within  three  hundred  feet  of  the  shores  of  said  lake. 

Sec.  3.  The  supreme  judicial  court  shall  have  jurisdiction  in  equity 
to  enjoin,  prevent,  or  restrain  any  violation  of  the  provisions  of  this 
act. 

Se(\  4.  This  act  shall  take  effect  when  approved. 

Approved  February  20,  1903. 

MARYLAND. 

[Poe's  Maryland  Code,  adopted  March  14,  1888.1 


Sec.  240.  If  any  ballast,  ashes,  filth,  earth,  soil,  oysters,  or  oyster 
shells  be  taken,  unladen,  or  cast  out  of  any  ship,  steamboat,  scow, 
pungy,  or  other  vessel,  on  any  pretense  whatever,  in  the  Chesapeake 
Bay  above  "  Sandy  Point,''  or  in  the  waters  of  Herring  Bay,  or  in  any 
river,  creek,  or  harbor  within  this  State,  below  high-water  mark,  the 
master  or  other  person  having  charge  of  such  vessel  shall,  upon  con- 
viction thereof,  be  fined. 

Waters  of  Potomac  River  above  the  canal  dam  near  the  mouth  of 
Wills  Creek  are  protected  by  section  242  against  pollution  calculated 
to  render  the  watere  of  said  river  "  impure  or  unfit  for  use." 

WATER    RITPPLY — POLLUTION    OF    SOURCES    OF. 
[Passed  In  1S80,  chap.  0.1 

Sec.  277.  If  any  person  shall  put,  or  cause  to  be  placed,  any  dead 
animal  or  part  of  the  carcass  of  any  dead  animal,  or  any  decayed  or 
filthy  animal  or  vegetable  matter,  into  any  stream,  or  the  tributary 
of  any  stream,  well,  spring,  reservoir,  pond,  or  other  source  from 
which  water  or  ice  is  drawn,  taken,  or  used  for  drinking  or  domestic 
purposes,  or  shall  knowingly  suffer  any  sewage,  washings,  or  other 
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offensive  matters  from  any  privy,  cesspool,  factory,  trades  establish- 
ment, slaughterhouse,  tannerj^,  or  other  place  over  which  he  shall 
have  control,  to  flow  therein,  or  into  any  drain  or  pipe  communicating 
therewith,  whereby  the  water  supply  of  any  city,  town,  village,  com- 
munity, or  household  is  fouled  or  rendered  unfit  for  drinking  and 
domestic  purposes,  he  shall  be  guilty  of  a  misdemeanor  and  shall, 
upon  conviction  thereof  in  a  court  of  competent  jurisdiction,  be  fined 
not  more  than  two  hundred  dollars  for  every  such  offence ;  and  after 
reasonable  notice,  not  exceeding  fifteen  days,  from  the  State  board  of 
health,  or  any  local  sanitary  authority,  to  discontinue  the  act  whereby 
such  water  supply  is  fouled,  a  further  sum  of  not  more  than  fifty 
dollars  for  every  day  during  which  the  offence  is  continued. 

MISSOURI. 

[Revised  Statutes,  1899.] 

CRIMES    AND   PUNISHMENTS. 

Sec.  2234.  Putting  dead  anhnah  in  well^  <&c, — If  any  person  or 
persons  shall  put  any  dead  animal,  carcass,  or  part  thereof,  the  offal, 
or  any  other  filth  into  any  well,  spring,  brook,  branch,  creek,  pond,  or 
lake,  every  person  so  offending  shall,  on  conviction  thereof,  be  fined 
in  any  sum  not  less  than  ten  nor  more  than  one  hundred  dollars.  If 
any  person  shall  remove,  or  cause  to  be  removed  and  placed  *  *  * 
in  any  of  the  streams  and  water  courses  other  than  the  Missouri  or 
Mississippi  River,  any  dead  animal,  carcass,  or  part  thereof,  or  other 
nuisance,  to  the  annoyance  of  the  citizens  of  this  State,  or  any  of 
them,  every  person  so  offending  shall,  upon  conviction  thereof,  be 
fined  for  every  such  offence  any  simi  not  less  than  ten  dollars  nor 
more  than  fifty  dollars,  and  if  such  nuisance  be  not  removed  within 
three  days  thereafter,  it  shall  be  deemed  a  second  offence  against  the 
provisions  of  this  section. 

Sec.  2235.  Cot^rupting  or  diverting  water  supply. — ^Whoever  will- 
fully or  maliciously  poisons,  defiles,  or  in  any  way  corrupts  the  water 
of  a  well,  spring,  brook,  or  reservoir  used  for  domestic  or  municipal 
purposes,  or  whoever  willfully  or  maliciously  diverts,  dams  up,  and 
holds  back  from  its  natural  course  and  flow  any  spring,  brook,  or 
other  water  supply  for  domestic  or  municipal  purposes,  after  said 
water  supply  shall  have  once  been  taken  for  use  by  any  person  or 
persons,  corporations,  town,  or  city  for  their  use,  shall  be  adjudged 
guilty  of  a  misdemeanor  and  punished  by  a  fine  not  less  than  fifty 
nor  more  than  five  hundred  dollars,  or  by  imprisonment  in  the  county 
jail  n3t  exceeding  one  year,  or  by  both  such  fine  and  imprisonment, 
and  shall  be  liable  to  the  party  injured  for  three  times  the  actual 
damage  sustained,  to  be  recovered  by  suit  at  law. 
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Sec.  1974.  Injury  to  schoolhoufies  and  church  buildings. — Every 
person  *  *  *  who  shall  in  any  manner  pollute  the  water  con- 
tained in  any  well,  cistern,  or  reservoir  (in  which  water  is  gathered 
o**  kept  for  the  supply  of  a  schoolhouse  or  those  attending  the  same) 
shall  be  guilty  of  a  misdemeanor. 

I  Section  28  of  House  bill  No.  15,  laws  of  19<»5,  p.  1G3.] 

AN  ACT  relating  to  the  preservation,  propagation,  and  protection  of  game  ani- 
mals, birds,  and  fisli :  creating  the  office  of  game  and  fish  warden ;  creating  a 
game  protection  fund,  and  appropriating  money  therefrom. 

Sec.  28.  It  shall  be  unlawful  for  any  person  or  persons,  firm,  or 
corporation  to  suffer  or  i)ermit  any  dyestuff,  coal  tar,  oil,  sawdust, 
poison  or  deleterious  substances  to  be,  thrown,  run,  or  drained  into 
any  of  the  waters  of  this  State  in  quantities  suflScient  to  injure, 
stupefy,  or  kill  fish  which  may  inhabit  the  same  at  or  below  the  point 
where  any  such  substances  are  discharged  or  permitted  to  flow  or 
thrown  into  such  waters.  Any  person  or  persons,  firm,  or  corporation 
offending  against  any  of  the  provisions  of  this  section  shall  be  deemed 
guilty  of  a  misdemeanor,  and  upon  conviction  shall  be  fined  not  le^ 
than  $200.00  nor  more  than  $500.00  for  each  offense. 

Approved  March  10,  1905. 

NEVADA. 
[General  Statutes  of  Nevada.] 

Sec.  4617.  (Crimes  and  punishments,  sec.  54.)  *  *  *  Every 
person  who  shall  willfully  poison  any  spring,  well,  or  reservoir  of 
water  shall,  upon  conviction  thereof,  be  punished  by  imprisonment 
in  the  State  prison  for  a  term  not  less  than  one  nor  more  than  ten 
years. 

Sawd^i^t  in  river.s, — It  is  made  a  misdemeanor  to  deposit  sawdust 
in  or  on  the  waters  of  any  lake,  river,  or  running  stream  by  laws  of 
1889,  page  24,  Chapter  XV. 

[Laws  of  Nevada,  1903,  Chap.  CXXII,  p.  214.] 

AN  ACT  to  prevent  the  i)oUution  or  contamination  of  the  waters  of  the  lakes, 
rivers,  streams,  and  dltdies  in  the  State  of  Nevada,  i)reseribing  penalties,  and 
making  an  appropriation  to  carry  out  the  provisions  of  this  act  (Approved 
March  20,  1903.) 

The  people  of  the  State  of  Nevada^  represented  h\  <ienute  and  assem- 
bly^ do  enayjt  as  follows: 

Section  1.  Unlawful  to  pollute  any  body  of  water, — Any  person  or 
persons,  firm,  company,  corporation,  or  association  in -this  State,  or 
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the  managing  agent  of  any  person  or  persons,  firm,  company,  corpo- 
ration, or  association  in  this  State,  or  any  duly  elected,  appointed,  or 
lawfully  created  State  officer  of  this  State,  or  any  duly  elected, 
appointed,  or  lawfully  created  officer  of  any  county,  city,  town, 
municipality,  or  municipal  government  in  this  State,  who  shall  de- 
posit, or  who  shall  permit  or  allow  any  person  or  persons  in  their 
employ  or  under  their  control,  management,  or  direction  to  deposit 
in  any  of  the  w^aters  of  the  lakes,  rivers,  streams,  and  ditches  in  this 
State  any  sawdust,  rubbish,  filth,  or  poisonous  or  deleterious  sub- 
stance or  substances  liable  to  affect  the  health  of  persons,  fish,  or  live 
stock,  or  place  or  deposit  any  such  deleterious  substance  or  substances 
in  any  place  where  the  same  may  be  washed  or  infiltered  into  any  of 
the  waters  herein  named,  shall  be  deemed  guilty  of  a  misdemeanor, 
and  upon  conviction  thereof  in  any  court  of  competent  jurisdiction 
shall  be  fined  in  any  sum  not  less  than  fifty  dollars  nor  more  than 
five  hundred  dollars,  exclusive  of  court  costs:  Provided^  That  in 
cases  of  State  institutions,  municipalities,  towns,  incorporated  towns 
or  cities,  when,  owing  to  the  magnitude  of  the  work,  immediate  cor- 
rection of  the  evil  is  impracticable,  then  in  such  cases  the  authorities 
shall  adopt  all  new  work,  and  as  rapidly  as  possible  reconstruct 
the  old  systems  of  drainage,  sewerage,  and  so  as  to  conform  with  the 
provisions  of  this  act:  And  provided  further^  That  all  such  new  and 
reconstructed  systems  shall  be  completed  within  four  years  from  the 
date  of  passage  hereof :  Provided,  That  nothing  in  this  act  shall  be  so 
construed  as  to  permit  mining  or  milling  companies  to  dump  tailings 
directly  into  any  stream  in  this  State  so  as  to  prevent  or  impede  the 
natural  flow  of  such  stream.  Nothing  in  this  act  shall  be  so  construed 
as  to  apply  to  any  quartz  mill  or  ore  reduction  works  in  this  State. 

Sec.  2.  For  the  purposes  of  this  act  the  word  "  ditch  "  shall  be  con- 
strued to  mean  any  ditch,  canal,  channel,  or  artificial  waterway  used 
for  carrying  or  conducting  water  into  any  reservoir  from  which  it 
may  be  used  or  distributed  for  domestic  purposes  to  any  person  in  this 
State,  or  to  any  person  in  any  county,  city,  town,  or  municipality  in 
this  State. 

Sec.  3.  The  sum  of  three  thousand  dollars  is  hereby  appropriated 
out  of  any  money  in  the  State  treasury,  not  otherwise  appropriated, 
subject  to  the  disposal  of  the  governor  of  this  State,  for  the  purpose 
of  enforcing  the  provisions  of  this  act,  either  in  the  courts  of  this 
State  or  in  the  courts  of  the  United  States,  such  expenditure  to  be 
allowed  and  paid  as  other  claims  against  the  State  are  allowed  and 
paid. 

Sec.  4.  This  act  shall  take  effect  and  Ix*  in  force  from  and  after  the 
first  day  of  July,  A.  D.  nineteen  hundred  and  four. 
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NEW    MEXICO. 
[Complied  Inws,  act  of  March  16,  1897.] 

STREAMS    AND    I^KES. 

Sec.  54.  It  shall  not  be  lawful  for  any  person  or  persons  to  throw 
or  cast  the  dead  body  or  carcass  of  any  animal  or  fowl,  or  to  run  or 
empty  any  sewers  or  other  polluted  or  befouled  substances  into  any 
river,  stream,  lake,  pond,  reservoir,  ditch,  or  any  water  course,  or  to 
in  any  manner  or  by  any  means  pollute  or  befoul  the  water-:  thereof, 
within  this  Territory,  so  as  to  render  the  same  unwholesome  or 
offensive  or  dangerous  to  the  health  of  the  inhabitants  of  any  com- 
munity or  of  any  person  having  the  right  to  use  and  who  uses  the 
same,  for  drinking  or  domestic  purposes,  or  that  may  render  such 
waters  unfit  or  dangerous  for  watering  stock,  or  for  agricultural  or 
horticultural  purposes. 

Sec.  55.  That  the  polluting  of  waters  in  any  of  the  manners  above 
specified  is  hereby  declared  to  be  a  public  nuisance,  which  shall  be 
immediately  removed  by  the  person  or  persons  creating  the  same, 
upon  the  demand  of  any  public  officer  or  of  any  person  or  persons, 
who  may  have  a  right  to  the  use  of  said  waters. 

Sec.  56.  That  any  person  or  persons  violating  any  of  the  provisions 
of  sec.  54  may  be  tried  therefor  before  any  justice  of  the  peace  of  the 
county  where  the  offence  is  committed,  and  upon  conviction  thereof 
shall  be  punished  by  a  fine  in  any  sum  not  less  than  ten  dollars  nor 
more  than  one  hundred  dollai's,  or  by  imprisonment  in  the  couhty  jail 
for  any  period  of  time  not  less  than  ten  days  nor  more  than  sixty 
days,  or  by  both  fine  and  imprisonment.  ^Vnd  in  addition  thereto  the 
justice  of  the  peace  shall  direct  the  sheriff  of  the  county  or  the  con- 
stable of  the  precinct  to  relieve  such  nuisance,  at  the  expense  of  the 
person  or  persons  creating  the  same,  which  said  expenses  shall  be 
taxed  as  other  costs  against  the  person  or  persons  so  offending,  and 
shall  be  collected  in  the  manner  provided  by  law  for  the  collection  of 
costs  in  criminal  cases. 

[Laws  of  1899,  chap.  79,  p.  175.] 

AN  ACT  to  amend  section  54  of  the  compiled  laws  of  1897.     (Approved  March 

16tb,  1809.) 

Be  it  enacted  hy  the  leginlatice  assembly  of  the  TeiTitory  of  Ncic 
Mexico : 

Section  1.  That  section  54  of  the  compiled  laws  of  1897  be,  and 
the  same  is  hereby,  amended  to  read  as  follows: 

Sec  54.  It  is  hereby  made  unlawful  for  any  person  to  cast  the 
dead  body  of  any  animal  or  fowl,  or  any  refuse  matter,  such  as  tin 
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cans,  paper,  ashes,  bones,  or  other  garbage  into  any  running  stream, 
spring,  lake,  pond,  reservoir,  ditch,  or  water  course,  or  to  run  or  empty 
any  sewer  or  other  foul  substance  into  the  same,  or  in  any  other  man- 
ner or  means  to  pollute  or  foul  the  said  water  so  as  to  render  the  same 
offensive  or  dangerous  to  the  health  of  the  inhabitants  of  any  com- 
munity or  of  any  person  having  the  right  to  use  the  same  for  drink- 
ing or  domestic  purposes,  or  that  may  render  said  waters  unfit  or 
unhealthy  for  watering  stock.  But  it  shall  be  the  duty  of  every 
person,  outside  of  incorporated  towns,  cities,  or  villages,  to  destroy  all 
domestic  refuse  and  garbage  by  burning  the  same;  any  violation  of 
this  section  shall  be  considered  a  misdemeanor  and  punished  as  pro- 
\dded  by  law. 

Sec.  2.  AH  acts  and  parts  of  acts  in  conflict  herewith  are  hereby 
repealed;  and  this  act  shall  take  effect  from  and  after  its  passage. 

[Laws  of  1903,  chap.   21,  p.   32.1 

AN  ACT  to  prevent  Injury  to  ditches,  i)ii)e  lines,  reservoirs,  and  the  taking  of 
and  befouling  of  water  therefrom.     (Approved  March  10th,  1903.) 

Be  it  enacted  hy  the  legwlatiee  aat^emhly  of  the  Territory  of  Neto 
Mexico : 

Secttion  1.  Any  person  who  shall  wilfully  and  maliciously  cut, 
break,  or  injure,  or  who  shall  by  shooting  or  by  damming  or  obstruc- 
ting the  same  cause  to  break  any  ditch,  flume,  pipe  line,  or  reservoir,  or 
any  of  the  attachments  or  fixtures  used  in  connection  therewith,  shall 
be  guilty  of  a  misdemeanor  and  shall  Ix^  punished  by  a  fine  of  not 
less  than  ten  dollars  nor  more  than  fifty  dollars,  or  by  confinement 
in  the  county  jail  for  not  more  than  sixty  days,  or  by  both  such  fine 
and  imprisonment,  in  the  discretion  of  the  court  trj'ing  the  case, 
except  in  cases  where  such  pipe  line  or  reservoir  is  used  for  the  pur- 
pose of  supplying  water  to  any  community,  village,  town,  or  city  for 
domestic  purposes,  in  which  event  the  person  committing  such  offence 
shall  be  punished  by  a  fine  of  not  less  than  fifty  nor  more  than  one 
hundred  dollars,  or  by  imprisonment  in  the  county  jail  not  less  than 
thirty  nor  more  than  sixty  days,  or  by  both  such  fine  and  imprison- 
ment in  the  discretion  of  the  court  trying  tlie  case. 

Sec.  2.  Any  person  who  shall  bathe  in,  or  wilfully  cast  any  filth  in, 
any  reservoir  or  ditch  used  for  supplying  water  for  domestic  use 
shall  Ix?  guilty  of  a  misdemeanor,  and  upon  conviction  shall  be  fined 
not  less  than  ten  dollars  or  not  more  than  twenty-five  dollars. 

Skc.  3.  All  acts  and  parts  of  acts  in  conflict  lierewith  are  hereby 
repealed,  and  this  act  shall  take  effect  from  and  after  its  passage. 
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NORTH    CAROLINA. 
[North  Carolina  Criminal  Code  and  Digest  (2d  ed.)»  p.  436.] 

Sec.  500.  Putting  poisonous  substance  in  water  for  the  purpose  of 
killing  fish  is  forbidden. 

Laws  of  1903,  chapter  245,  page  321,  forbids  throwing  sawdust  into 
the  water  courses  of  Yancey  County. 

[Laws  of  North  Carolina,  1903,  chap.  159,  p.  182.] 
AN  ACT  to  prote<»t  water  supplies. 

Sections  1  to  10,  inclusive,  provide  a  thorough  system  of  inspection 
and  forbid  any  person  or  corporation  to  supply  water  for  the  public 
without  taking  the  precautions  therein  prescribed. 

Sections  11  to  17  are  as  follows: 

Sec.  11.  Whoever  defiles,  corrupts,  pollutes  any  well,  spring,  drain, 
branch,  brook,  or  creek,  or  other  source  of  public  water  supply  used 
for  drinking  purposes,  in  any  manner,  or  deposits  the  body  of  any 
dead  animal  on  the  watershed  of  any  such  water  supply,  or  allows 
the  same  to  remain  thereon  unless  the  same  is  buried  with  at  least 
two  feet  cover,  shall  be  guilty  of  a  misdemeanor,  and  fined  and  im- 
prisoned, in  the  discretion  of  the  court. 

Sec  12.  "WTioever  shall  collect  and  deposit  human  excreta  on  the 
watershed  of  any  public  water  supply  shall  be  guilty  of  a  misde- 
meanor, and  punished  by  fine  and  imprisonment,  in  the  discretion  of 
the  court. 

Sec.  13.  No  person,  firm,  corporation,  or  municipality  shall  flow  or 
discharge  sewage  into  any  drain,  brook,  creek,  or  river  from  which  a 
public  drinking-water  supply  is  taken,  unle^ss  the  same  shall  have 
been  passed  through  some  well-known  system  of  sewage  purification 
approved  by  the  State  board  of  health.  Any  person,  firm,  corpora- 
tion, or  the  officer  of  any  municipality  having  this  work  in  charge, 
who  shall  violate  this  section  shall  he  guilty  of  a  misdemeanor,  and 
the  continued  flow  and  discharge  of  such  sewage  may  be  enjoined  by 
any  person. 

Sec.  14.  That  all  schools,  hamlets,  villages,  towns,  or  industrial 
settlements  which  are  now  located  or  may  be  hereafter  located  on  the 
shed  of  any  public  water  supply  not  provided  with  a  sewerage  sys- 
tem, shall  provide  and  maintain  a  tub  system  for  colle<;ting  human 
excrement,  and  provide  for  removal  of  the  same  from  the  watershed 
at  least  twice  each  week.  Every  person,  firm,  corporation,  or  munici- 
pality violating  this  section  shall  be  guilty  of  a  misdemeanor,  and 
fined  or  imprisoned,  in  the  discretion  of  the  court. 

Sec.  15.  No  burying  ground  or  cemetery  shall  be  established  on 
the  watershed  of  any  public  water  supply  nearer  than  five  hundred 
yards  of  the  source  of  supply. 
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Sec.  16.  All  water  companies  now  operating  under  charters  from 
the  State  or  municipalities,  which  may  maintain  public  water  sup- 
plies, may  acquire  by  condemnation  such  lands  and  rights  in  land 
and  water  as  are  necessary  for  the  successful  operation  and  protection 
of  their  plants,  said  proceedings  to  be  the  same  as  prescribed  by  chap- 
ter 49,  volume  1,  of  the  Code  of  North  Carolina. 

Sec.  17.  For  carrying  out  the  provisions  of  this  act  the  State  board 
of  health  is  authorized  and  empowered  to  have  the  bacteriological 
examination  made  as  hereinbefore  provided  for,  and  to  charge  for  the 
same  the  sum  of  five  dollars  ($5.00)  for  each  examination. 

[Laws  of  1905,  chap.  415.1 
AN  ACT  to  establish  a  Stiite  laboratory  of  hygiene. 

Section  1.  That  for  the  better  protection  of  the  public  health  and 
to  prevent  the  spread  of  communicable  diseases  there  shall  be  estab- 
lished a  State  laboratory  of  hygiene,  the  same  to  be  under  the  control 
and  management  of  the  State  l)oard  of  health. 

Sec.  2.  That  it  shall  be  the  duty  of  the  State  board  of  health  to 
have  made  in  such  laboratory  monthly  examinations  of  samplers 
from  all  the  public  water  supplies  of  the  State.  The  board  shall 
also  cause  to  be  made  examinations  of  well  and  spring  waters  when 
in  the  opinion  of  any  county  superintendent  of  health  or  any  reg- 
istered physician  there  is  reason  to  suspect  such  waters  of  being  con- 
taminated and  dangerous  to  health.  The  board  shall  likewise  have 
made  in  this  laboratory  examinations  of  sputum  in  ca.ses  of  suspected 
tuberculosis,  of  throat  exudates  in  cases  of  suspected  diphtheria,  of 
blood  in  cases  of  suspected-  typhoid  and  malarial  fever,  of  fwces  in 
cases  of  suspected  hook-worm  diseases,  and  such  other  examinations 
as  the  public  health  may  require. 

Sec.  3.  For  the  support  of  the  said  laboratory  the  sum  of  twelve 
hundred  dollars  is  hereby  appropriated  and  an  annual  tax  of  sixty 
dollars,  payable  quarterly,  by  each  and  every  water  company,  munici- 
pal, corporate,  and  private,  selling  water  to  the  people,  said  tax  to 
be  collected  by  the  sheriff  as  other  taxes  and  paid  by  said  sheriff 
directly  to  the  treasurer  of  the  State  board  of  health,  and  the  print- 
ing and  stationery  necessary  for  the  laboratory  to  be  furnished  upon 
requisition  upon  the  State  printer. 

Sec.  4.  Section  seventeen  of  chapter  one  hundred  and  fifty-nine 
of  the  laws  of  one  thousand  nine  hundred  and  three  is  hereby 
repealed. 

Sec.  5.  This  act  shall  be  in  force  from  and  after  its  ratification. 

In  the  general  assembly  read  three  times,  and  ratified  this  4th  day 
of  March,  1905. 
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OHIO. 

[Bates's  Annotated  Revised  Statutes  of  Ohio,  p.  3343.1 

Sec.  692L  Nuimnce. — Whoever  *  *  *  corrupts  or  renders  un- 
wholesome or  impure  any  water  course,  stream,  or  water  *  *  * 
shall  be  fined  not  more  than  five  hundred  dollars. 

Sec.  0923.  {Unlawful  depofiit  of  dead  anintah^  ^yf^^?  ^^'^'v  ^'^'^^  ^^ 
vpon  laud  or  water.) — Whoever  puts  the  carcjiss  of  any  dead  animal, 
or  the  offal  from  any  slaughterhouse  or  butcher's  establishment, 
packing  houst*,  or  fish  house,  or  any  spoiled  meat  or  S2X)iled  fish,  or 
any  putrid  substance,  or  the  contents  of  any  privy  vaults,  upon  or 
into  any  lake,  river,  bay,  creek,  pond,  canal,  road,  street,  alley,  lot. 
field,  meadow,  public  ground,  market  place  or  common,  and  whoever, 
being  the  owner  or  occupant  of  any  such  place,  knowingly  jx^rmits 
any  such  thing  to  remain  therein,  to  the  annoyance  of  any  of  the  citi- 
zens of  this  State,  neglects  or  refuses  to  remove  or  abate  the  nuisance 
occasioned  thereby,  within  twenty-four  hours  after  knowledge  of  the 
existence  of  such  nuisance  upon  any  of  the  above-described  premises, 
owned  or  occupied  by  him,  or  after  notice  thereof  in  writing  from 
any  supervisor,  constable,  trustee,  or  health  officer  of  any  municipal 
corporation  or  township  in  which  such  nuisance  exists,  or  from  a 
county  connnissioner  of  such  county,  shall  be  fined  not  more  than 
fifty  dollars  nor  less  than  ten  dollars  and  pay  the  costs  of  prosecu- 
tion, and  in  default  of  the  payment  of  said  fine  and  costs  be  impris- 
oned not  more  than  thirty  days ;  but  the  provisions  hereinbefore  made 
shall  not  prohibit  the  depositing  of  the  contents  of  privy  vaults  and 
catch-basins  into  trenches  or  pits  not  less  than  three  feet  deep,  exca- 
vated in  any  lot,  field,  or  meadow,  the  owner  thereof  consenting,  out- 
side the  limits  of  any  municipal  corporations,  and  not  less  than  thirty 
rods  distant  from  any  dwelling,  well,  or  spring  of  water,  lake,  bay,  or 
pond,  canal,  run,  creek,  brook,  or  stream  of  water,  public  road  or 
highw^ay :  Prorided^  That  said  contents  deposited  in  said  trenches  or 
pits  are  immediately  thereafter  covered  with  dry  earth  to  the  depth 
of  at  least  twelve  inches;  nor  shall  said  provisions  prohibit  the 
depositing  of  said  contents  into  furrows  situate  and  distinct,  as  speci- 
fied for  said  trenches  or  pits,  provided  the  same  are  immediately 
thereafter  wholly  covered  with  dry  earth  by  plowing  or  otherwise: 
And  prorided  also^  That  the  owner  or  occupant  of  the  land  in  which 
said  furrows  are  plowed  consents  and  is  a  party  thereto:  Prorided 
alsOj  That  the  board  of  health  of  any  municipal  corporation  may 
allow  said  contents  to  l>e  deposited  wuthin  corporate  limits  into 
trenches  or  pits  or  furrows,  situate  distant  and  to  be  covered  as 
aforesaid. 

Sec.  6925.  Emptying  of  coal  dirt,  petroleum,  c&c.,  into  l^es^  rivers, 
(£c.y  or  permitting  same;  penalty. — '\Mioever  intentionally  throws  or 
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deposits,  or  permits  to  be  thrown  or  deposited,  any  coal  dirt,  coal 
slack,  coal  screenings,  or  coal  refuse  from  coal  mines,  or  any  refuse  or 
filth  from  any  coal-oil  refinery  or  gas  works,  or  any  whey  or  filthy 
drainage  from  a  cheese  factory,  upon  or  into  any  of  the  rivers,  lakes, 
ponds,  or  streams  of  this  State,  or  upon  or  into  any  place  from  which 
the  same  will  wash  into  any  such  river,  lake,  pond,  or  stream;  or 
whoever  shall,  by  himself,  agent,  or  employe,  cause,  suffer,  or  permit 
any  petroleum,  or  crude  oil,  or  refined  oil,  or  any  compound  or  mix- 
ture or  other  product  of  such  well,  except  fresh  or  salt  water,  or 
residuum  of  oil  or  filth  from  oil  well,  or  oil  tank,  or  oil  vat,  or  place 
of  deposit,  of  crude  or  refined  oil,  to  run  into,  or  be  poured,  or 
emptied,  or  thrown  into  any  river,  or  ditch,  or  drain,  or  water  course, 
or  into  any  place  from  which  said  petroleum,  or  crude  oil,  or  resid- 
uum, or  refined  oil,  or  filth  may  run  or  wash,  or  does  run.  or  wash, 
into  any  such  river,  or  ditch,  or  drain,  or  water  course*,  upon  indict- 
ment and  conviction  in  the  county  in  which  such  coal  mines,  coal-oil 
refinery,  gjis  works,  cheese  factory,  oil  well,  oil  tank,  oil  vat,  or  place 
of  deposit  of  crude  or  refined  oil  art*  situated,  shall  l)e  fined  in  any 
sum  not  more  than  one  thousand  dollars  nor  less  than  fifty  dollars. 

(Fine  and  coHtn  a  lien;  ewertftion,) — Aiul  such  fine  and  costs  of 
prosecution  shall  l)e  and  remain  a  lien  on  said  oil  well,  oil  tank,  oil  re- 
finery, oil  vat,  and  place  of  deposit,  and  the  contents  of  said  oil  well, 
oil  tank,  oil  refinery,  oil  vat,  or  place  of  deposit  until  said  fine  and 
costs  are  paid ;  and  said  oil  well,  oil  tank,  oil  refinery,  oil  vat,  or  place 
of  deposit,  and  the  contents  thereof,  may  l)e  sold  for  the  payment  of 
such  fine  and  costs  upon  execution  duly  issued  for«that  purpose*. 

Sec.  6927.  {Befouling  irell^  npring^  ctr.) — Whoever  maliciously 
puts  any  dead  animal  carcass,  or  part  thereof,  or  any  other  putrid, 
nauseous,  noisome,  or  offensive  substance  into,  or  in  any  manner  be- 
fouls, any  well,  spring,  brook,  or  branch  of  running  water,  or  any 
i*eservoir  of  waterworks,  of  which  use  is  or  may  be  made  for  domestic 
purposes,  shall  l>e  fined  not  more  than  fifty  nor  less  than  five  dollars, 
or  imprisoned  not  more  than  sixty  days,  or  both. 

[Laws  of  1904,  house  bill  277,  p.  135.1 

AN  ACT  to  amend  section  24;«,  Revised  Statutes  of  Ohio,  for  the  purpose  of 
preventing  the  iK)llutlon  of  water  and  iirovidlng  i»enalty  therefor. 

Sec.  1.  That  section  2483,  Revised  Statutes  of  Ohio,  l)e,  and  the 
same  is  hereby,  amended  to  read  as  follows : 

"  Sec.  2433.  The  jurisdiction  of  any  municipal  corporation  to  pre- 
vent the  pollution  of  its  water  supply  and  to  provide  penalty  therefor 
shall  extend  twenty  miles  beyond  the  corporation  limits.  A\Tioever 
pollutes  any  running  stream,  the  water  of  which  is  ustnl  for  domestic 
purposes  by  any  municipality  by  putting  therein  any  putrid  or  offen- 
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sive  substance  (other  than  fresh  or  salt  water)  injurious  to  health 
shall  be  guilty  of  a  misdemeanor,  which  shall  be  punishable  by  a 
fine  of  not  less  than  five  or  more  than  five  hundred  dollars.  It  shall 
be  the  duty  of  the  l>oard  of  public  service  or  board  of  trustees  of  pub- 
lic affairs  of  any  municipal  corporation  to  enforce  the  provisions  of 
this  section.'' 

Sec.  2.  Original  section  2438  is  hereby  repealed. 

ORECiON. 
[BelHnger  and  Colton's  Annotated  Codes  and  Statutes  of  Orei?on,  vol.  1,  p.  735.1 

OF  CRIMES  AGAINST  THE  PUBLIC   HEALTH. 

Sec.  2128.  Polhding  with  serrage^  cfr-.,  water  for  domeMie  use  vn- 
laxcful. — Any  person  who  shall  put  any  sewage,  drainage,  or  refuse, 
or  polluting  matter,  as  either  by  itself  or  in  connection  with  other 
matter  will  corrupt  or  impair  the  quality  of  any  well,  spring,  brook, 
creek,  branch,  or  pond  of  water  which  is  used  or  may  be  used  for  do- 
mestic purposes,  shall  be  deemed  guilty  of  misdemeanor.  (Laws 
1885,  p.  110,  sec.  1.) 

Sec.  2129.  Animal  carcass^  cf'r.,  vnlatcfaJ  to  plnee  in  icater  for  do- 
mestic use  or  near  diceUing, — If  any  person  shall  put  any  dead  ani- 
mal carcass,  or  part  thereof,  excrement,  putrid,  nauseous,  noisome, 
decaying,  deleterious,  or  offensive  substance  into,  or  in  any  other 
manner  not  herein  named  befouls,  pollutes,  or  impairs  the  quality  of 
any  spring,  brook,  creek,  branch,  well,  or  pond  of  water,  which  is  or 
may  l)e  used  for  dolnestic  purposes,  or  shall  put  any  such  dead  ani- 
mal carcass,  or  part  thereof,  excrement,  putrid,  nauseous,  noisome, 
decaying,  deleterious,  or  offensive  substance  within  one-half  mile  of 
any  dwelling  house  or  public  highway,  and  leave  the  same  without 
proper  burial,  or,  being  in  the  possession  or  control  of  any  land,  shall 
knowingly  permit  or  suffer  any  such  dead  animal  carcass,  or  part 
thereof,  excrement,  putrid,  nauseous,  noisome,  decaying,  deleterious, 
or  offensive  substance  to  remain  without  proper  burial  upon  such 
premises,  within  one-half  mile  of  any  dwelling  house  or  public  high- 
way, whereby  the  same  becomes  offensive  to  the  occupants  of  such 
dwelling  or  the  traveling  public,  he  shall  be  deemed  guilty  of  a  mis- 
demeanor.    (1885,  p.  110,  sec.  2.) 

Sec.  2130.  Penalty  for  riolati7ig  preceding  provisions  and  pirisdic- 
tion  to  enforce. — Any  person  violating  the  provisions  of  this  act  shall, 
upon  conviction,  be  fined  not  less  than  ten  nor  more  than  fifty  dollars, 
or  be  imprisoned  not  less  than  five  days  nor  more  than  twenty-five 
days,  or  by  both  fine  and  imprisonment.  Justices  of  the  peace  shall 
have  jurisdiction  of  offences  committed  against  the  provisions  of  this 
act. 
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Sec.  2131.  Polluting  water  used  for  dome  fit  Ir  purposes^  or  to  which 
live  stock  hare  access^  unlawful. — If  any  person  or  persons  shall  put 
any  dead  animal's  carcass,  or  part  thereof,  or  any  excrement,  putrid, 
nauseous,  decaying,  deleterious,  or  offensive  substance  in  any  well,  or 
into  any  spring,  brook,  or  branch  of  running  water,  of  which  use  is 
made  for  domestic  purposes,  or  to  which  any  cattle,  horses,  or  other 
kind  of  stock  have  access,  every  pei*son  so  offending  shall,  on  convic- 
tion thereof,  be  fined  in  any  sum  not  less  than  three  nor  more  than 
fifty  dollars. 

Sec.  2133.  Animal  carcass^  unlawful  to  put  in  rirer  or  elsewhere  to 
injury  of  health, — If  any  person  or  j^ersons  shall  put  any  part  of  the 
carcass  of  any  dead  animal  into  any  river,  creek,  pond,  road,  street, 
alley,  lane,  lot,  field,  meadow,  or  common,  or  if  the  owner  or  owners 
thereof  shall  knowingly  permit  the  same  to  remain  in  any  of  the 
aforesaid  places  to  the  injury  of  the  health  or  to  the  annoyance  of  the 
citizens  of  this  State,  or  any  of  them,  every  ])erson  so  offending  shall, 
on  conviction  thereof,  l>e  fined  in  a  sum  not  less  than  two  nor  more 
than  twenty-five  dollars,  and  every  twenty-four  hours  during  which 
said  owner  may  permit  the  same  to  remain  thereafter  shall  be  deemed 
an  additional  offence  against  the  provisions  of  this  act. 

80UTU  DAKOTA. 
[Revised  Codes  of  1003,  Penal  Code,  p.  1146.] 

Sec.  445.  Every  person  who  throws  or  deposits  any  gas  tar,  or 
refuse  of  any  gas  house  or  factory  into  any  public  waters,  river,  or 
stream,  or  into  any  sewer  or  stream  emptying  into  such  public  waters, 
river,  or  stream,  is  guilty  of  a  misdemeanor. 

Sec.  446.  It  shall  be  unlawful  for  any  person,  persons,  company,  or 
corporation  to  place  or  caust*  to  l>e  placed  any  manure,  butcher's  offal, 
carcasse^s  of  animals,  or  other  deleterious  substances  into  any  river, 
stream,  or  lake,  in  the  State  of  South  Dakota,  or  upon  the  banks 
thereof  in  such  proximity  that  such  substances  may  be  washed  into 
said  water  or  water  courses. 

Sec.  447.  Any  violation  of  the  provisions  of  this  chapter  is  a  mis- 
demeanor, and  the  person,  persons,  company,  or  corporation  so  vio- 
lating are  deemed  guilty  thereof,  and  upon  conviction  shall  be  liable 
to  a  fine  not  less  than  ten  dollars  nor  more  than  one  hundred  dollars, 
and  in  addition  thereto  such  offending  person  or  persons  shall  be 
subjected  to  imprisonment  in  the  county  jail  for  the  period  of  thirty 
days  unless  he  or  they  cause  such  deleterious  substances  to  l)e  removed. 

Sec.  448.  This  act  shall  not  Ix*  construed  as  to  interfere  with  or 
prevent  any  necessary  or  legitimate  mining  operation  or  sewerage 
system. 
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TENNESSEE. 

[(^ode  of  Tennessee,   1896.] 

Sec.  G8G9.  It  is  a  public  nuisance —    *     *     * 

3.  To  corrupt  or  render  unwholesome  or  impure  the  water  of  any 
river,  stream,  or  pond  to  the  injury  or  prejudice  of  others. 

Sec.  0520.  If  any  person  place  or  throw  the  dead  body  of  any  ani- 
mal in  any  spring,  well,  cistern,  or  running  stream  of  water  he  is 
guilty  of  a  misdemeanor. 

tlOO.*?,  chap.  310,  p.  905.] 

Section  1  makes  it  a  misdemeanor  for  ''  any  person  to  in  any  way 
wilfully  *  *  *  disturb,  pollute,  contaminate,  or  injure  the  water 
in  the  tanks,  standpipes,  or  reservoirs  of  any  such  waterworks  by 
bathing  therein  or  by  any  other  act  or  acts  tending  to  injure  the 
water  or  to  make  it  unpalatable,  unwholesome,  or  unfit  for  domestic 
or  manufacturing  purposes  of  any  plant  supplying  water  for  domes- 
tic or  manufacturing  purposes,  however  owned." 

Sec.  2.  That  it  shall  l>e  a  misdemeanor  for  any  person  to  wilfully 
corrupt  or  to  permit  anything  to  run  or  fall  into  any  stream  from 
which  water  shall  be  taken  for  the  purpose  of  supplying  water  to  any 
water  plant  such  as  is  referred  to  in  section  1  of  this  act,  and  any 
person  violating  this  section  shall  be  punished  as  provided  in  section 
1  hereof. 

Act  takes  effect  April  7,  1903,  on  its  passage. 

TEXAS. 

[Wlilte's  Annotated  Penal  Code  of  Texas,  p.  256.] 

OFFENCES   AFFECTING   PUBLIC    HEALTH. 

Art.  424.  If  any  person  shall  in  any  wise  pollute  of  *»  [or?]  obstruct 
any  water  course,  lake,  pond,  marsh,  or  common  sewer,  or  continue 
such  obstruction  or  pollution  so  as  to  render  the  same  unwholesome 
or  offensive  to  the  inhabitants  of  the  county,  city,  town,  or  neighbor- 
hood thereabout,  he  shall  be  fined  in  a  sum  not  exceeding  five  hun- 
dred dollars. 

OFFENCES  AGAINST  THE  PERSON. 

Art.  047.  If  any  person  shall  mingle  or  cause  to  bo  mingled  any 
other  noxious  potion  or  substance  with  any  drink,  food,  or  medicine, 
with  intent  to  kill  or  injure  any  other  person,  or  shall  wilfully  poison 
or  cause  to  be  poisoned  any  spring,  well,  cistern,  or  reservoir  of  water 
with  such  intent,  he  shall  be  punished  by  imprisonment  in  the  peni- 
tentiary not  less  than  two  nor  more  than  ten  years. 

<*  So  in  original. 
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UTAH. 

[Revised  Statutes,  p.  910,  Penal  Code:  I\ibllc  Health  and  Safety.] 

Sec.  4274.  Befouling  waters. — Any  person  who  shall  either : 

1.  Construct  or  maintain  any  corral,  sheep  pen,  stable,  pigpen, 
chicken  coop,  or  other  offensive  yard  or  outhouse,  where  the  waste  or 
drainage  therefrom  shall  flow  directly  into  the  waters  of  any  stream, 
well,  or  spring  of  water  used  for  domestic  purposes;  or 

2.  Deposit,  pile,  unload,  or  leave  any  manure  heap,  offensive  rub- 
bish, or  the  carcass  of  any  dead  animal  where  the  waste  or  drainage 
therefrom  will  flow  directly  into  the  waters  of  any  stream,  well,  or 
spring  of  water  used  for  dome^stic  purposes;  or 

3.  Dip  or  wash  sheep  in  any  stream,  or  construct,  maintain,  or  use 
any  pool  or  dipping  vat  for  dipping  or  washing  sheep  in  such  close 
proximity  to  any  stream  used  by  the  inhabitants  of  any  city,  town,  or 
village  for  domestic  pusposes  as  to  make  the  waters  thereof  impure 
or  unwholesome;  or 

4.  Construct  or  maintain  any  corral,  yard,  or  vat  to  be  used  for  the 
purpose  of  shearing  or  dipping  sheep  within  twelve  miles  of  any  city, 
town,  or  village,  where  the  refuse  or  filth  from  said  corral  or  yard 
would  naturally  find  its  way  into  any  stream  of  water  used  by  the 
inhabitants  of  any  city,  village,  or  town  for  dome.stic  purposes ;  or 

5.  Establish  and  maintain  any  corral,  camp,  or  bedding  place  for 
the  purpose  of  herding,  holding,  or  keeping  any  cattle,  horses,  sheep, 
or  hogs  within  seven  miles  of  any  city,  town,  or  village,  where  the 
refuse  or  filth  from  said  corral,  camp,  or  bedding  place  will  naturally 
find  its  way  into  any  stream  of  water  used  by  the  inhabitants  of 
any  city,  town,  or  village  for  domcvstic  purposes,  shall  be  guilty  of 
a  misdemeanor. 

[Laws  of  1899,  chap.  45,  p.  66.1 

Sec.  2.  No  house  refuse,  offal,  garbage,  dead  animals,  decaying 
vegetable  matter,  or  organic  waste  substance  of  any  kind  shall  be 
thrown  on  or  allowed  to  remain  upon  any  street,  road,  ditch,  gutter, 
public  place,  private  premises,  vacant  lot,  water  course,  lake,  pond, 
spring,  or  well. 

VIRGINIA. 

[I^ollard's  General  Laws,  1887-1896,  chap.  72,  p.  44  (Acts  1887-88,  p.  83).  1 

AN  ACT  to  prevent  the  poUutiou  of  drinking  water  In  this  State.     (Approved 

February  3,  1888.) 

1.  Be  it  enacted  hy  the  general  rmsemhly  of  Virginia^  That  any  per- 
son or  persons  who  shall  knowingly  and  wilfully  throw  or  cause  to 
be  thrown  into  any  reservoir  or  other  receptacle  of  drinking  water, 
ma  152—05  m 5 
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or  spring,  or  stream  of  running  water  ordinarily  used  for  the  supply 
of  drinking  water  or  domestic  purposes  of  any  person  or  family, 
town,  or  city  in  this  Commonwealth  the  dead  body  of  any  animal,  or 
shall  drown  and  leave,  or  cause  to  be  drowned  and  left  any  animal 
therein  shall  be  guilty  of  a  misdemeanor,  and  upon  conviction  thereof 
shall  be  fined  not  exceeding  one  hundred  dollars  or  imprisoned  not 
exceeding  six  months,  or  both,  at  the  discretion  of  the  court  in  which 
such  conviction  is  made. 

[IdtMH,  ]K  115  (Acts  1HD1-S)2,  p.  750).! 

AN  ACT  to  i)reveiit  the  poUiition  of  jiotable  water  used  for  the  supply  of  cities 
aud  tow  us.     (Approved  February  21),  1802.) 

1.  Be  it  enacted  hi/  the  {jenenil  asHemhIy  of  Vhyifud^  That  it  shall 
\m  uidawful,  except  as  hereinafter  provided,  for  any  pei-son  to  defile 
or  render  impure,  turbid,  or  offensive  the  water  used  for  the  supply 
of  any  city  or  town  of  this  State,  or  the  sources  or  streams  used  for 
furnishing  such  supply,  or  to  endanger  the  purity  thereof  by  the  fol- 
lowing means,  or  any  of  them,  to  wit,  by  washing  or  bathing  therein, 
or  by  casting  into  any  spring,  well,  pond,  lake,  or  reservoir  from  which 
such  supply  is  drawn,  or  into  any  stream  so  used,  or  the  tributary 
thereof  above  the  point  where  such  supply  is  taken  out  of  such  stream 
or  is  impounded  for  the  purposes  of  such  supply,  or  into  any  canal, 
aqueduct,  or  other  channel  or  receptacle  for  water  connected  with 
any  works  for  furnishing  a  public  water  supply,  any  offal,  dead  fish, 
or  carcass  of  any  animal,  or  any  human  or  animal  filth  or  other  foul 
or  waste  animal  matter,  or  any  waste  vegetable  or  mineral  substance, 
or  the  refuse  of  any  mine,  manufactory,  or  manufacturing  process, 
or  by  discharging  or  permitting  to  flow  into  any  such  source,  spring, 
well,  reservoir,  pond,  stream,  or  the  tributary  thereof,  canal,  aque- 
duct, or  other  receptacle  for  water,  the  contents  of  any  sewer,  privy, 
stable,  or  barnyard,  or  the  impure  drainage  of  any  mine,  any  crude 
or  refined  petroleum,  chemicals,  or  any  foul,  noxious,  or  offensive 
dxainage  whatsoever,  or  by  constructing  or  maintaining  any  pri>7* 
vault  or  cesspool,  or  by  storing  manure  or  other  soluble  fertilizer  of 
an  offensive  character,  or  by  disposing  of  the  carcass  of  any  animal, 
or  any  foul,  noxious,  or  putrescible  substance,  whether  solid  or  fluid 
and  whether  the  same  be  buried  or  not,  within  two  hundred  f(*et  of 
any  water  course,  canal,  pond,  or  lake  aforesaid,  which  is  liable  to 
contamination  by  the  washing  thereof  or  percolatiim  therefrom :  Pro- 
vided^ That  nothing  in  this  act  contained  shall  be  construed  to 
authorize  the  pollution  of  any  of  the  waters  of  this  State  in  any  man- 
ner now  contrary  to  law:  .1/^^/  provided  f Higher ^  That  this  act  shall 
not  apply  to  streams  the  drainage  area  of  which,  above  the  point 
where  the  water  thereof  is  withdrawn  for  the  supply  of  any  city  or 
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town,  or  is  impounded  for  the  purposes  of  such  supply,  shall  exceed 
fifty  scjuare  miles. 

2.  That  any  person  knowingly  or  wilfully  violating  the  terms  of 
this  act  shall  be  deemed  guilty  of  a  misdemeanor,  and  shall  be  pun- 
ished for  each  offence  by  a  fine  not  exceeding  one  hundred  dollars  or 
by  imprisonment  not  exceeding  thirty  days,  or  by  both,  at  the  discre- 
tion of  the  court:  A7}d  provided  further,  That  nothing  herein  con- 
tained shall  be  so  construed  as  to  prevent  the  washing  of  ore  or  min- 
erals in  any  of  the  streams  or  waters  of  this  Commonwealth  other 
than  such  as  may  be  used  for  the  water  supply  of  any  city  or  town. 

3.  This  act  shall  take  effect  fifteen  days  after  its  passage. 

WASHIN(m)N. 
[Baillnger's  Annotated  <'odt»H  and  Statutes,  IncludlnK  acts  of  18l»7.I 

Nuisances.  Sec.  8085.  It  is  a  public  nuisance: 

*****  4c  * 

2.  To  throw  or  deposit  any  offal  or  other  offensive  matter,  or  the 
carcass  of  any  dead  animal,  in  any  water  course,  stream,  lake,  pond, 
spring,  well,  or  common  sewer,  street  or  public  highway,  or  in  any 
manner  to  corrupt  or  render  unwholesome  or  impure  the  water  of 
any  such  spring,  stream,  pond,  lake,  ot-  well,  to  the  injury  or  preju- 
dice of  others. 

Punishment  provided  in  section  e3097. 

[Acts  of  lfe09,  Chap.  LXX,  p.  114  :  Providing  for  a  pure  water  supply.] 

AN  A(rr  to  preserve  from  poUutiou  the  water  supplied  to  the  inhabitants  of 
cities  and  towns  in  the  State  of  Washington ;  to  declare  what  are  nuisances  in 
the  vicinity  of  the  source  of  sucli  water  supply ;  providing  for  the  abatement 
thereof,  and  for  the  punishment  of  the  violations  of  this  act. 

Be  it  enacted  by  the  legislatiar  of  the  titate  of  WaJihington: 
Section  1.  That  for  the  purpose  of  protecting  the  water  furnished 
to  the  inhabitants  of  towns  and  cities  within  this  State  from  pollu- 
tion, the  said  towns  and  cities  are  hereby  given  jurisdiction  over  all 
property  (x^cupied  by  the  works,  reservoii*s,  systems,  springs,  branches, 
and  pipes  by  means  of  which,  and  of  all  sources  of  supply  from 
which,  such  cities  or  the  companies  or  individuals  furnishing  water 
to  the  inhabitants  of  such  cities  or  towns  obtain  their  supply  of 
water  or  store  or  conduct  the  same. 

Sec.  2.  That  the  establishment  or  maintenance  of  any  slaughter 
pen,  stock-feeding  yards,  hogpens,  or  the  deposit  or  maintenance  of 
any  uncleanly  or  unwholesome  substance,  or  the  conduct  of  any  busi- 
ness or  occupation,  or  the  allowing  of  any  condition  upon  or  suffi 
ciently  near  the  sources  from  which  the  supply  of  water  for  the 
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inhabitants  of  any  such  city  or  town  is  obtained,  or  where  such 
water  is  stored,  or  the  property  or  means  through  which  the  same 
may  l>e  conducted  or  conveyed,  so  that  such  water  would  be  polluted 
or  the  purity  of  such  water  or  any  part  thereof  destroyed  or  endan- 
gered, is  hereby  prohibited  and  declared  to  be  unlawful,  and  is 
hereby  de<*lared  to  be  and  constitute  a  nuisance,  and  as  such  to  be 
abated  as  other  nuisances  are  abated  under  the  provisions  of  the 
existing  laws  of  the  State  of  Washington,  or  under  the  laws  which 
may  be  hereafter  enacted  in  relation  to  the  abatement  thereof;  and 
that  any  person  or  }>ersons  who  shall  do,  establish,  maintain,  or 
create  any  of  the  things  hereby  prohibited  for  the  purpose  of  or 
which  shall  have  the  effect  of  polluting  any  such  sources  of  water 
supply  or  water,  or  shall  do  any  of  the  things  hereby  declared  to  be 
unlawful,  shall  be  deemed  guilty  of  creating  and  maintaining  a 
nuisance,  and  may  be  prosecuted  therefor,  and  upon  conviction 
thereof  may  be  fined  in  any  sum  not  exceeding  five  hundred  dollars. 

Sec.  8.  If  upon  the  trial  of  any  person  or  persons  for  the  violation 
of  any  of  the  provisions  of  this  act  such  person  or  persons  shall  be 
found  guilty  of  creating  or  maintaining  a  nuisance  as  hereby  defined 
or  of  violating  any  of  the  provisions  of  this  act,  it  shall  be  the  duty 
of  such  person  or  persons  to  forthwith  abate  such  nuisance,  and  in 
the  event  of  their  failure  so  to  do  within  one  day  after  such  convic- 
tion, unless  further  time  be  granted  by  the  court,  a  warrant  shall  be 
issued  by  the  court  wherein  such  conviction  was  obtained  directed 
to  the  sheriff  of  the  county  in  which  such  nuisance  exists,  and  the 
sheriff  shall  forthwith  proceed  to  abate  the  said  nuisance,  and  the 
cost  thereof  shall  l)e  taxed  against  the  party  so  convicted  as  a  part  of 
the  costs  of  such  case. 

Se(  .  4.  It  is  hereby  made  the  duty  of  the  city  health  officer,  city 
physician,  board  of  public  health,  mayor  of  the  city,  or  such  othei 
officer  as  may  have  the  sanitary  condition  of  such  city  or  town  in 
charge,  to  see  that  the  provisions  of  this  act  are  enforced,  and,  upon 
complaint  being  made  to  any  such  officer,  to  immediately  investigate 
the  said  complaint  and  see  if  the  same  shall  appear  to  be  well  founded ; 
and  if  the  same  shall  appear  to  be  well  founded,  it  shall  be,  and  is 
hereby,  declared  to  be  the  duty  of  such  officer  to  proceed  and  file  a 
complaint  against  the  person  or  persons  violating  any  of  the  provi- 
sions of  this  act  and  cause  the  arrest  and  prosecution  of  such  person 
or  persons. 

Se(\  5.  That  any  city  supplied  with  water  from  any  source  of  sup- 
ply as  hereinbefore  mentioned,  or  any  corporation  owning  water- 
works for  the  purpose  of  supplying  any  city  or  the  inhabitants  thereof 
with  water,  in  the  event  that  any  of  the  provisions  of  this  act  are 
being  violated  by  any  person,  may,  by  civil  action  in  the  superior 
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court  of  the  proper  county,  have  the  maintenance  of  the  nuisance 
which  poUutes  or  tends  to  polhite  the  said  water,  as  provided  for  by 
section  2  of  this  act,  enjoined,  and  such  injunction  may  be  perpetual. 

WEST  VIRGINIA. 

[Code  of  Weat  Virginia,  1891.  p.  933.1 

OFFENCES    AGAINST    PUBLIC    HEALTH — MISDEMEANOR    TO    PUT    DEAD    ANIMALS,    ETC., 
INTO  WATER  USED  FOR  DOMESTIC  PURPOSES. 

If  any  person  or  persons  shall  knowingly  and  willfully  throw  or 
cause  to  be  thrown  into  any  well,  cistern,  spring,  brook,  or  branch  of 
running  water  which  is  used  for  domestic  purjx)ses,  any  dead  animal, 
carcass,  or  part  thereof,  or  any  putrid,  nauseous,  or  offensive  sub- 
stance, he  or  they  shall  be  guilty  of  a  misdemeanor,  and  upon  con- 
viction thereof  shall  be  fined  not  less  than  five  dollars  nor  more  than 
one  hundred  dollars,  and  may,  at  the  discretion  of  the  jury,  be  con- 
fined in  the  jail  of  the  county  not  exceeding  ninety  days,  and  shall 
moreover  be  liable  to  the  party  injured  in  a  civil  action  for  damages. 
(Acts  1872-73,  ch.  176.) 

PREVENTING  THE  DEPOSIT  OF  THE  CARCASSES  OF  DEAD  ANIMALS  AND  OTHER   NOXIOUS 
MATTER  IN   CERTAIN    WATERS   OF  THE  STATE,   ETC. 

It  shall  be  unlawful  to  put  the  carcass  of  any  dead  animal,  or  the 
offal  from  any  slaughterhouse,  butcher's  establishment,  or  packing 
house,  or  slop  or  other  refuse  from  any  hotel  or  a  tavern,  or  any 
spoiled  meats  or  spoiled  fish,  or  any  putrid  animal  su Instance,  or  the 
contents  of  any  privy  vault,  upon  or  into  any  river,  creek,  or  other 
stream  within  this  State,  or  upon  the  surface  of  any  road,  street,  alley, 
city  lot,  public  ground,  market  space,  or  common,  or  on  the  surface 
within  one  hundred  feet  of  any  public  road. 

III.  A  justice  of  the  peAce  shall  have  jurisdiction  of  any  offence 
against  the  provisions  of  this  act,  committed  within  his  county.  Any 
such  offence  shall  be  punished  by  a  fine  of  not  less  than  five  or  more 
than  fifty  dollars,  and  the  proceedings  in  the  case,  as  well  as  in  all 
other  cases  under  this  act,  shall  l)e  in  conformity  with  sections  221  to 
230,  inclusive,  or  chapter  50  of  the  Code  of  West  Virginia,  which  sec- 
tions are  hereby  made  applicable  to  such  cas(\s.  Upon  a  conviction 
for  any  such  offence  the  accused  must  bury  at  least  three  fwt  under 
the  ground,  or  destroy  by  fire,  any  of  the  things  named  in  the  first 
section  which  he  has  placed  in  any  of  the  waters  or  places  named  in 
such  section,  or  which  he  has  knowingly  permitted  to  remain  upon  a 
city  lot,  public  ground,  market  space,  or  common,  contrary  to  the 
provisions  of  the  second  section,  within  twenty-four  hours  after  such 
conviction,  and  if  he  shall  fail  to  do  so,  the  justice  shall  further  fine 
him  not  less  than  ten  nor  more  than  fifty  dollars.    (Acts  1887,  ch.  25.) 
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WYOMING. 

[Revised  Statutes,  1899.] 

CRIMEH  A(}AINST  THE  PERSON. 

Sec.  4966.  Poisoning  springs, — \Mioever  poisons  any  spring,  well, 
cistern,  or  reservoir  of  water  with  intent  to  injure  or  kill  any  human 
l)eing  shall  be  imprisoned  in  the  penitentiary  not  more  than  fourteen 
years. 

CRIMES    AGAINST  PC'BLIC   HEALTH    AND   SAFETY. 

Sec.  5114.  Putting  offensice  sii1)stanres  in  creek  or  highway  declared 
a  mmanre, — If  any  person  or  persons,  association  of  persons,  com- 
pany, or  corporation  shall  deposit,  place,  or  put,  or  cause  to  be  depos- 
ited, placed,  or  put  uj)on  or  into  any  river,  creek,  bay,  pond,  canal, 
ditch,  lake,  stream,  railroad,  public  or  private  road,  highway,  street, 
alley,  lot,  field,  meadow,  public  place  or  public  ground,  common, 
market  place,  or  in  any  other  and  different  locality  in  this  State, 
where  the  same  may  Ix^come  a  source  of  annoyance  to  any  person  or 
detrimental  to  the  public  health,  the  carcass  of  any  dead  animal  or 
the  offal  or  refuse*  matter  from  any  slaughterhouse,  butcher's  estab- 
lishment, meat  market,  packing  house,  fish  house,  hogpen,  stable,  or 
any  spoiled  meats,  spoiled  fish,  or  any  animal  or  vegetable  matter  in 
a  putrid  or  decayed  state,  or  liable  to  become  putrid,  decayed,  or 
offensive,  or  the  contents  of  any  privy  vault,  or  any  offensive  matter 
or  substance  whatever,  or  shall  cause  to  be  maintained  any  privy, 
slaughterhouse,  meat  market,  or  any  other  or  different  place,  build- 
ing, or  establishment  that  shall  directly  or  indirectly  be  the  cause  of 
polluting  the  waters  of  any  spring,  reservoir,  stream,  lake,  or  water 
supply  used  wholly  or  partly  for  domestic  purposes,  or  if  the  owner 
or  owners,  tenant  or  tenants,  occupant  or  occupants  of  any  lands  or 
tenements,  dwellings,  or  places  of  business,  or  any  other  and  diffei-ent 
places  or  localities,  whether  defined  in  this  section  or  not,  shall  know- 
ingly permit  any  of  the  said  offensive  matters  or  substances,  or  any 
other  and  different  offensive  matter  or  substances,  to  remain  in  any 
of  the  aforesaid  places  or  other  and  different  places  or  localities,  or 
shall  permit  any  of  the  aforesaid  places  to  he  maintained  which  shall 
cause  the  pollution  of  any  stream,  spring,  reservoir,  lake,  or  water 
supply,  either  directly  or  indirectly,  in  any  locality,  place,  or  situa- 
tion in  this  State,  to  the  annoyance  of  the  citizens  or  residents  of  this 
State,  or  any  of  them,  or  to  the  detriment  olthe  public  health,  or  who 
shall  neglect  or  refuse  to  remove  or  abate  the  nuisance,  offence,  or 
inconvenience  occasioned  or  caused  thereby  within  twenty-four  hours 
after  knowledge  of  the  existence  of  such  nuisance,  offence,  or  incon- 
venience in  or  upon  any  of  the  above-de§cribed  premises  or  places. 
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or  any  other  and  different  place  or  locality,  owned  or  occupied  by 
him  her,  it,  or  they,**  [them?]  or  after  notice  in  writing  from  the 
sheriff,  deputy  sheriff,  or  coroner  of  any  county  in  this  State,  or  the 
constable  of  any  precinct,  or  the  marshal  or  any  of  the  policemen  of 
any  city,  town,  or  village  in  which  such  nuisance  shall  exists  or  from  any 
peace  officer  in  this  State  of  the  locality  wherein  such  nuisance  shall 
exist,  every  such  person  so  offending  shall  be  guilty  of  a  misdemeanor, 
and  upon  conviction  thereof  shall  be  punished  by  a  fine  of  not  less  than 
ten  dollars  nor  more  than  fifty  dollars,  and  if  such  nuisance  is  not 
abated  within  forty-eight  hours  after  the  same  is  created  or  exists  to 
the  knowledge  of  such  offender,  or  within  forty-eight  hours  after 
said  written  notice  is  given,  such  failure  to  abate  such  nuisance  shall 
be  deemed  a  second  offence  against  the  provisions  of  this  section, 
and  every  like  failure  and  neglect  to  abate  such  nuisance  of  each 
twenty-four  hours  thereafter  shall  Iw  considered  an  additional  offence, 
and  shall  be  subject  to  a  like  penalty  as  is  herein  provided. 

Sec.  5115.  Abatement  of  nummce, — Provides  that  officer  shall  re- 
move nuisance,  on  neglect  of  owners  so  to  do,  expenses  collectible  in 
civil  action. 

Sec.  5116.  Throwing  sairdufit  into  streams, — If  any  person  or  per- 
sons who  may  own,  run,  or  have  charge  of  any  sawmill  in  this  State 
shall  throw  or  permit  the  sawdust  therefrom  to  be  thrown  or  placed 
in  any  manner  into  any  river,  stream,  creek,  bay,  pond,  lake,  canal, 
ditch,  or  other  water  course  in  this  State,  such  person  or  persons  shall 
be  liable  to  a  like  penalty  as  is  provided  in  section  5114. 

[Laws  of  Wyoming,  1905,  chap.  31,  p.  25.] 
FISH — POLLUTING    WATERS. 

AN  ACT  To  repeal  section  1  of  chapter  22  of  the  session  laws  of  Wyoming  of 
the  year  A.  D.  1003,  being  an  act  entitled  "An  act  to  amend  and  reenact  sec- 
tion 214(5,  revised  statutes  of  Wyoming,  1801),  relating  to  the  unlawful  taking 
or  having  in  ixissession  of  ct»rtain  Ivinds  of  fish."  and  to  amend  and  reenact 
section  2148,  revised  statutes  of  Wyoming.  18J»0,  relating  to  the  unlawful 
placing  of  deleterious  substances,  i>oisons,  or  explosives  in  the  waters  of  the 
State. 

Sec.  1.  That  section  1,  chapter  22,  of  the  session  laws  of  Wyoming:, 
1003,  being  ''An  act  to  amend  and  reenact  section  214(>  of  the  revised 
statutes  of  Wyoming,  1899,  relating  to  the  unlawful  taking  or  having 
in  possession  of  certain  kinds  of  fish/'  Ih»  and  the  same  is  hereby 
repealed. 

Sec.  2.  That  section  2148  of  the  revised  statutes  of  Wyoming,  1899, 
be  amended  and  reenacted  so  as  to  read  as  follows: 

"  Sec.  2148.  Any  owner  or  owners  of  any  sawmill,  reduction  works, 
smelter,  refining  or  contraction   works,  or   any   of  the  employees 


"  So  In  orleinal. 
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thereof,  who  shiill  throw,  deposit,  or  in  any  way  permit  to  pass  into 
any  natural  stream  or  lake  wherein  are  living  fish,  any  sawdust, 
chemicals,  or  other  matter  or  substance  that  will  tend  to  drive  away 
from  such  waters  any  fish  shall  be  deemed  guilty  of  a  misdemeanor 
and  shall  be  fined  not  less  than  twenty-five  dollars  nor  more  than  one 
hundred  dollars,  or  shall  be  imprisoned  in  the  county  jail  not  less 
than  thirty  days  nor  more  than  sixty  days.  Any  person  who  shall 
kill  in  any  of  the  waters  of  this  State,  by  use  of  any  poison  or  dele- 
terious drug,  or  by  the  use  of  any  explosive  substance,  or  explode  or 
cause  to  l)e  exploded  any  powder,  giant  powder,  hercules  powder, 
dynamite,  nitroglycerine,  lime  gas,  or  any  other  explosive  substance 
for  the  purpose  of  catching,  killing,  or  destroying  food  fish  in  such 
waters  shall  be  deemed  guilty  of  a  misdemeanor  and  upon  conviction 
thereof  shall  be  fined  not  less  than  fifty  dollars  nor  more  than  two 
hundred  dollars,  and  shall  be  imprisoned  in  the  county  jail  not  less 
than  ninety  days  nor  more  than  one  year:  Provided  further^  That 
nothing  in  this  title  contained  shall  prevent  the  owner  or  owners  of 
any  quartz  mill  or  reduction  works  in  this  State,  now  located  or  to 
be  hereafter  located  upon  any  natural  stream  or  lake,  from  operating 
or  working  said  quartz  mill  or  reduction  works,  where  the  said  owner 
or  owners  thereof  shall  build  or  cause  to  be  built  a  suitable  dam,  to 
be  used  in  connection  with  said  quartz  mill  or  reduction  works,  and 
which  dam  shall  Ix^  so  constructed  as  to  prevent  any  tailings  or  sub- 
stance from  passing  into  the  stream  or  lake  which  will  destroy  or 
drive  away  the  fish  or  any  number  of  them  from  said  stream,  lake, 
or  water." 

Sec.  3.  This  act  shall  take  effect  and  be  in  force  from  and  after  its 
passage. 

Approved  February  15,  A.  D.  1905. 

[Chapter  83,  House  bill  No.  87.] 

FISH. 

AN  ACT  to  repeal  section  1  of  chapter  22  of  the  session  laws  of  Wyoming  of 
the  year  A.  D.  1?)03,  being  an  act  entitled  **An  act  to  amend  and  reenact  sec- 
tion 2146,  revised  statutes  of  Wyoming,  1800,  relating  to  the  unlawful  taking 
or  having  in  |)ossesRion  of  certain  kinds  of  fish,"  and  to  amend  and  reenact 
section  2148.  revised  statutes  of  Wyoming,  1899,  relating  to  the  unlawful 
placing  of  deleterious  substances,  iioisons,  or  explosives  in  the  waters  of  the 
State. 

Sec.  1.  Repeal  of  see.  7,  ehap.  2'2,  laws  1903, — That  section  1,  chap- 
ter 22,  of  the  session  laws  of  Wyoming,  1903,  being  "An  act  to  amend 
and  reenact  section  2146  of  the  revised  statutes  of  Wyoming,  1899, 
relating  to  the  unlawful  taking  or  having  in  possession  of  certain 
kinds  of  fish"  be,  and  the  same  is  hereby,  repealed. 
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Sec.  2.  Use  of  explosives  and  poison. — That  section  2148  of  the 
revised  statutes  of  Wyoming,  1899,  be  amended  and  reenaeted  so  as 
to  read  as  follows : 

"  Sec.  2148.  Any  owner  or  owners  of  any  sawmill,  or  any  of  the  em- 
ployees thereof,  who  shall  throw,  deposit,  or  in  any  way  permit  to 
pass  into  any  natural  stream  or  lake  wherein  are  living  fish  any 
sawdust  or  other  matter  or  substance  that  will  tend  to  drive  away 
from  such  waters  any  fish,  shall  be  deemed  guilty  of  a  misdemeanor, 
and  shall  be  fined  not  less  than  twenty-five  dollars  nor  more  than  one 
hundred  dollars,  or  shall  be  imprisoned  in  the  county  jail  not  less 
than  thirty  days  nor  more  than  sixty  days.  Any  person  who  shall 
kill  in  any  of  the  waters  of  this  State,  by  use  of  any  poison  or  dele- 
terious drug,  or  by  use  of  any  explosive  substances,  or  explode  or 
cause  to  be  exploded  any  powder,  giant  powder,  hercules  powder, 
dynamite,  nitroglycerine,  lime  gas,  or  any  other  explosive  substance 
for  the  purpose  of  catching,  killing,  or  destroying  the  food  fish  in 
such  waters,  shaU  be  deemed  guilty  of  a  misdemeanor,  and  upon  con- 
viction thei'eof  shall  be  fined  not  less  than  fifty  dollars  nor  more 
than  two  hundred  dollars,  and  shall  be  imprisoned  in  the  county  jail 
not  less  than  ninety  days  nor  more  than  one  year." 

Sec  3.  This  act  shall  take  effect  and  be  in  force  from  and  aft^r  its 
passage. 

Approved  February  21,  A.  D.  1905. 

CLASS  III.  STATES  WITH  SEVERE  RESTRICTIONS. 

This  group  consists  of  those  States  which  have  adopted  unusual 
and  stringent  methods  to  enforce  the  right  of  their  citizens  to  unpol- 
luted natural  waters.  The  adoption  of  the  legislation  embodied  in 
the  following  pages  under  this  group  indicates  that  the  inhabitants 
of  the  States  in  which  these  laws  have  lx»en  adopted  have  lx»gim  to 
realize  the  immense  harm  which  the  increased  pollution  of  waters, 
owing  to  increase  of  population,  is  doing  to  persons  and  property 
within  their  borders.  It  is  noticeable  that  in  several  of  the  States 
stringent  methods  are  adopted  by  which  pollution  by  cities  can  be 
regulated  and  controlled;  while  in  at  least  one  State  (New  Jersey)  a 
system  has  Ix^n  instituted  which,  carried  to  its  logical  conclusion, 
will  result  in  conveying  all  sewage  matter  from  cities  and  large  towns 
so  far  beyond  the  borders  of  the  land  as  to  render  it  wholly  inoffen- 
sive or  in  some  other  way  preventing  its  getting  into  any  inland 
waters  in  an  offensive  form. 
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CONNECTICirT. 

|(ieneral  StatuteH,  revision  of  1002,  sec.   1328.  as  amended  by  cbap.  28,  of  the  laws  of 

19<r>.  1 

Every  person  who  shall  wantonly  and  indecently  expose  his  person, 
or  who  shall  bathe  in  any  reservoir  from  which  the  inhabitants  of 
any  town,  city  or  l>orough  are  supplied  with  water,  or  in  any  lake, 
pond  or  stream  tributary  to  such  reservoir,  or  who  shall  cast  any 
tilthy  or  impure  substance  into  said  reservoir,  or  any  of  its  tribu- 
taries, or  commit  any  nuisance  in  or  about  it  or  them,  shall  be  fined 
not  more  than  one  hundred  dollars,  or  imprisoned  not  more  than  six 
months,  or  both. 

t General  Statutes,  revision  of  1902,  p.  668.] 

Sec.  2503.  Poll uf ion  of  wafer  from  which  ico  is  taken. — Every  per- 
son who  shall  put  any  substance  into  waters  from  which  ice  is  pro- 
cured for  consumption  which  shall  defile,  pollute,  or  injure  the 
quality  of  said  ice,  or  who  shall  throw  anything  into  such  waters  or 
upon  the  ice  with  intent  to  injure  the  quality  of  the  ice  or  obstruct 
the  cutting  or  gathering  of  the  same,  shall  l)e  fined  not  more  than 
thirty  dollars  or  imprisoned  not  more  than  thirty  days.  This  section 
shall  not  affect  the  rights  of  any  manufacturing  establishment  now 
existing  or  hertmfter  established  to  use  any  waters  in  carrying  on  its 
business. 

Sec.  2594.  Pollution  of  waters, — Every  person  who  .shall  put  or 
leave  a  dead  animal  or  carcass  in  a  pond,  spring,  or  reservoir,  the 
water  of  which  is  conveyed  to  any  building,  or  wlio  shall  wilfully  put 
and  leave  in  any  of  the  waters  of  this  State  a  dead  animal,  shall  be 
fined  not  more  than  fifty  dollars  or  imprisoned  not  more  than  thirty 
days. 

Sec.  2595.  Penalty  for  polluting  drinking  water. — Every  person 
who  shall  put  anything  into  a  well,  spring,  fountain,  or  cistern,  or 
other  place  from  which  water  is  prcnnired  for  drinking  or  other 
purposes,  with  the  intent  to  injure  the  quality  of  said  water,  shall 
l)e  fined  not  more  than  five  hundred  dollars  or  imprisoned  not  mon* 
than  six  months. 

Sec.  259().  Analy.sis  of  water, — Town,  borough,  and  city  health 
officers  shall,  when  in  their  judgment  health  is  menaced  or  impairej 
through  a  water  sui)ply,  send,  subject  to  the  approval  of  the  county 
health  officer,  samples  of  such  water  to  the  State  l)oard  of  health  for 
examination  and  analysis,  and  the  expense  of  such  examination  and 
analysis  shall  Ik*  paid  out  of  the  funds  appropriated  to  said  board  to 
investigate  the  pollution  of  streams. 

Sec.  2598.  Location  of  cc/neteries. — No  cemetery  or  place  of  sepul- 
ture shall  hereafter  be  located  or  established  within  one-half  mile  of 
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any  reservoir  from  which  the  inhabitants  of  a  town,  city,  or  borough 
are  supplied  with  water;  nor  shall  such  reservoir  be  located  or  estab- 
lished within  one-half  mile  of  a  cemetery  or  place  of  sepulture  unless 
the  superior  court  of  the  county  wherein  such  cemetery  or  place  of 
sepulture  or  re^servoir  is  located  shall,  upon  application  or  notice  find 
that  such  cemetery  or  place  of  sepulture  or  such  reservoir  so  proposed 
to  be  located  is  of  public  convenience  and  necessity  and  will  not  be 
detrimental  to  the  public  health. 

Sec.  2602.  Pollution  of  reseri'oirs — Penalty, — No  person,  after 
notice  shall  have  been  posted  that  any  reservoir,  or  any  lake,  pond,  or 
streiim  tributary  thereto,  is  used  for  supplying  the  inhabitants  of  a 
town,  city,  or  l)orough  with  water,  shall  wash  any  animal,  clothing, 
or  other  article  therein.  No  person  shall  throw  any  noxious  or  harm- 
ful substance  into  such  reservoir,  lake,  pond,  or  stream,  nor  shall  any 
person,  after  receipt  of  written  notice  from  any  county  or  town 
health  officer  having  jurisdiction  that  the  same  is  detrimental  to  such 
water  supply,  suffer  any  such  substance  to  be  placed  upon  land 
owned,  occupied,  or  controlled  by  him,  so  that  the  same  may  be 
carried  by  rains  or  freshets  into  the  water  of  such  reservoir,  lake, 
pond,  stream,  or  drain,  or  allow  to  l)e  drained  any  sewage  from  said 
land  into  such  water.  Every  j)erson  who  shall  violate  any  provision 
of  this  section  shall  be  fined  not  more  than  one  hundred  dollars  or 
imprisoned  not  more  than  thirty  days,  or  both. 

Sec.  2603.  Appointment  of  special' police. — The  governor  may,  upon 
the  application  of  such  town,  borough,  city,  or  company,  commission 
during  his  pleasure  one  or  more  persons  who,  having  been  sworn, 
may  act  as  policemen  for  the  purpose  of  preventing  and  abating 
nuisances  and  protecting  such  water  supply  from  contamination. 
Such  policemen  shall  arrest  without  previous  complaint  and  warrant 
any  person  for  any  offense  under  the  provisions  of  any  law  for  the 
protection  of  water  supplies  when  the  offender  shall  be  taken  or 
apprehended  in  the  act  or  on  the  speedy  information  of  others,  and 
all  persons  so  arrested  shall  Ix*  iumiediately  presented  l)ef()re  [)roper 
authority.  Every  such  policeman  shall,  when  on  duty,  wear  in  plain 
view  a  shield  l)earing  the  words  ''  Special  police  "  and  the  name  of 
the  town,  city,  borough,  or  company  for  which  he  is  commissioned. 

[Acts  of  1903.  chap.  192,  p.  148.1 
AN  ACT  wueerulug  injiiiietious. 

Be  it  endcted  hy  the  senate  and  house  of  representatives  in  general 
assembly  convened. 

Section  1.  Section  2599  of  the  General  Statutes  is  hereby  amended 
to  read  as  follows:  WTienever  any  land  or  building  is  so  used,  occu- 
pied or  suffered  to  remain,  that  it  is  a  source  of  injury  to  the  water 
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stored  in  a  reservoir  used  for  supplying  a  town,  city,  or  borough  with 
water,  or  to  any  source  of  supply  to  such  raservoir,  or  when  such 
water  is  liable  to  pollution  in  consequence  of  the  use  of  the  same, 
either  the  authorities  of  such  town,  city,  or  borough,  or  the  company 
having  charge  of  said  water,  may  apply  to  the  superior  court,  or  any 
judge  thereof  in  vacation,  in  the  county  in  which  said  town,  city, 
borough,  or  company  is  located,  for  relief;  and  said  court  or  judge 
may  order  the  removal  of  any  building,  enjoin  any  use  or  occupation 
of  any  land  or  building  or  of  said  water  which  is  detrimental  to  said 
water,  or  make  any  other  order,  temporary  or  permanent,  which  in 
its  or  his  judgment  may  be  necessary  to  preserve  the  purity  of  said 
water.  Said  town,  city,  borough,  or  company  may,  by  its  oflBcers  or 
agents,  duly  appointed  for  such  purpose,  at  all  r^sonable  times  enter 
upon  and  inspect  any  premises  within  the  watershed  tributary  to  such 
water  supply,  and  in  case  any  nuisance  shall  be  found  thereon  which 
pollutes  or  is  likely  to  pollute  such  water,  may  abate  such  nuisance 
at  its  own  expense  after  reasonable  notice  to  the  owner  or  occupant 
of  said  premises  and  upon  his  neglect  or  refusal  to  abate  the  same; 
but  such  town,  city,  borough,  or  company  shall  be  liable  for  all  unnec- 
essary or  unreasonable  damage  done  to  said  premises. 

Sec.  2.  Section  2(500  of  the  General  Statutes  is  hereby  amended  to 
read  as  follows :  Any  city,  town,  borough,  or  corporation  authorized 
by  law  to  supply  the  inhabitants  of  any  city,  town,  or  borough  with 
pure  water  for  public  or  domestic  use  may  take  and  use  such  lands, 
springs,  streams,  or  ponds,  or  such  rights  or  interests  therein  as  the 
superior  court  or  any  judge  thereof  in  vacation  may,  on  application, 
deem  necessary  for  the  purposes  of  such  supply.  For  the  purpose  of 
preserving  the  purity  of  such  water  and  preventing  any  contamina- 
tion thereof,  such  city,  town,  borough,  or  corporation  may  take  such 
lands  or  rights  as  the  superior  court  or  any  judge  thereof  in  vacation 
may,  on  application,  deem  necessary  therefor.  Compensation  shall 
be  made  to  all  persons  entitled  thereto  in  the  manner  provided  by 
section  2G01. 

Sec.  3.  Section  2601  of  the  General  Statutas  is  hereby  amended  to 
read  as  follows:  In  all  cases  where  the  law  requires  compensation  to 
be  made  to  any  person  whose  rights,  interests,  or  property  are  injuri- 
ously affected  by  said  orders,  such  court  or  judge  shall  appoint  a 
committee  of  three  disinterested  freeholders  of  the  county  who  shall 
determine  and  award  the  amount  to  be  paid  by  such  authorities  before 
such  order  is  carried  into  effect 

Approved  June  18,  1903. 
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MASSACHUSETTS. 

[Revised  laws  of  the  Commonwealth  of  Massachusetts,  enacted  November  21,  1901,  taking 
effect  January  1,  1902,  chap.  75,  p.  677.] 

OF  THE  PRESERVATION  OF  THE  PUBLIC  HEALTH. 

Sec.  112.  Supervision  of  inland  waters. — The  State  board  of  health 
shall  have  the  general  ovei'sight  and  care  of  all  inland  waters  and  of 
all  streams  and  ponds  used  by  any  city,  town,  or  public  institution, 
or  by  any  water  or  ice  company,  in  this  Commonwealth  as  sources  of 
water  supply,  and  of  all  springs,  streams,  and  water  courses  tribu- 
tary thereto.  It  shall  be  provided  with  maps,  plans,  and  documents 
suitable  for  such  purposes  and  shall  keep  records  of  all  its  transac- 
tions relative  thereto. 

Sec.  113.  Examination  of  water  supply. — Said  board  may  cause 
examinations  of  such  waters  to  be  made  to  ascertain  their  purity  and 
fitness  for  domestic  use  or  their  liability  to  impair  the  interests  of  the 
public  or  of  persons  lawfully  using  them  or  to  impair  the  public 
health.  It  may  make  rules  and  regulations  to  prevent  the  pollution 
and  to  secure  the  sanitary  protection  of  all  such  waters  as  are  used 
as  sources  of  water  supply. 

Sec  114.  Effect  of  publication  of  "notice. — The  publication  of  an 
order,  rule,  or  regulation  made  by  the  board  under  the  provisions  of 
the  preceding  section,  or  section  one  hundred  and  eighteen,  in  a  news- 
paper of  the  city  or  town  in  which  such  order,  rule,  or  regulation  is 
to  take  effect,  or,  if  no  newspaper  is  published  in  such  city  or  town, 
the  posting  of  a  copy  of  such  order,  rule,  or  regulation  in  a  public 
place  in  such  city  or  town,  shall  be  legal  notice  to  all  persons,  and  an 
affidavit  of  such  publication  or  posting  by  the  person  causing  such 
notice  to  be  published  or  posted,  filed  and  recorded  with  a  copy  of  the 
notice  in  the  office  of  the  clerk  of  such  city  or  town,  shall  be  admitted 
as  evidence  of  the  time  at  which,  and  the  place  and  manner  in  which, 
the  notice  was  given. 

Sec.  115.  Report  and  recommendations. — Said  board  shall  annu- 
ally, on  or  before  the  tenth  day  of  January,  make  a  report  to  the  gen- 
eral court  of  its  doings  for  the  pre^^eding  year,  recommend  measures 
for  the  prevention  of  the  pollution  of  such  waters  and  for  the  removal 
of  polluting  substances  in  order  to  protect  and  develop  the  rights  and 
property  of  the  Commonwealth  therein  and  to  protect  the  public 
health,  and  recommend  any  legislation  or  plans  for  systems  of  main 
sewers  necessary  for  the  preservation  of  the  public  health  and  for  the 
purification  and  prevention  of  pollution  of  the  ponds,  streams,  and 
inland  w^aters  of  the  Commonwealth.  It  shall  also  give  notice  to  the 
attorney-general  of  any  violation  of  law  relative  to  the  pollution  of 
water  supplies  and  inland  waters. 
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Sec.  116.  Agents  and  asshtants, — Said  board  may  appoint,  employ, 
and  fix  the  compensation  of  such  agents,  clerks,  servants,  engineers, 
and  expert  assistants  as  it  considers  necessary.  Such  agents  and 
servants  shall  cause  the  provisions  of  law  relative  to  the  pollution  of 
water  supply  and  of  the  rules  and  regulations  of  said  board  to  be 
enforced. 

Sec.  117.  Ad  rice  as  to  rnethodH, — Said  board  shall  consult  with  and 
advise  the  authorities  of  cities  and  towns  and  persons  having,  or  about 
to  have,  systems  of  water  supply,  drainage,  or  sewerage  as  to  the  most 
appropriate  source  of  water  supply,  and  the  best  method  of  assuring 
its  purity  or  as  to  the  best  method  of  disposing  of  their  drainage  or 
sewage  with  reference  to  the  existing  and  future  needs  of  other  cities, 
towns,  or  persons  which  may  l)e  affected  thereby.  It  shall  also  con- 
sult with  and  advise*  persons  engaged  or  intending  to  engage  in  any 
manufacturing  or  other  business  whose  drainage  or  sewage  may  tend 
to  pollute  any  inland  water  as  to  the  best  method  of  preventing  such 
pollution,  and  it  may  conduct  experiments  to  determine  the  best 
methods  of  the  purificatiim  or  disposal  of  drainage  or  sewage.  No 
person  shall  be  required  to  bear  the  expense  of  such  consultation, 
advice,  or  experiments.  Cities,  towns,  and  persons  shall  submit  to 
said  board,  for  its  advice,  their  proposed  system  of  water  supply  or  of 
the  disposal  of  drainage  or  sewage,  and  all  petitions  to  the  general 
court  for  authority  to  introduce  a  system  of  water  supply,  drainage, 
or  sewerage  shall  be  accompanied  by  a  copy  of  the  recommendation 
and  advice  of  said  board  thereon.  In  this  section  the  term  ''  drain- 
iige  "  means  rainfall,  surface,  and  subsoil  water  only,  and  '*  sewage  " 
means  domestic  and  manufacturing  filth  and  refuse. 

Sec.  118.  ReDioral  of  cmisen  of  polhttion, — Upon  petition  to  said 
board  by  the  mayor  of  a  city  or  the  selectmen  of  a  town,  the  manag- 
ing board  or  officer  of  any  public  institution,  or  by  a  board  of  water 
commissioners,  or  the  president  of  a  water  or  ice  company,  stating 
that  manure,  excrement,  garbage,  stnvage,  or  any  other  matter  pol- 
lutes or  tends  to  pollute  the  waters  of  any  stream,  pond,  spring,  or 
water  course*  used  by  such  city,  town,  institution,  or  company  as  a 
source  of  water  supply,  the  board  shall  appoint  a  time  and  place 
within  the  county  where  the  nuisance  or  pollution  is  alleged  to  exist 
for  a  hearing,  and  after  notice  thereof  to  parties  interested  and  a 
hearing,  if  in  its  judgment  the  public  health  so  requires,  shall,  by  an 
order  served  upon  the  party  causing  or  permitting  such  pollution, 
prohibit  the  deposit,  keeping,  or  discharge  of  any  such  cause  of  pol- 
lution, and  shall  order  him  to  desist  therefrom  and  to  remove  any 
such  cause  of  pollution ;  but  the  board  shall  not  prohibit  the  cultiva- 
tion and  use  of  the  soil  in  the  ordinary  methods  of  agriculture  if  no 
human  excrement  is  used  thereon.    Said  board  shall  not  prohibit  the 
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use  of  any  structure  which  was  in  existence  on  the  eleventh  day  of 
June,  in  the  year  eighteen  hundred  and  ninety-seven,  upon  a  com- 
plaint made  by  the  board  of  water  commissioners  of  any  city  or  town 
or  by  any  water  or  ice  company,  unless  such  board  of  water  commis- 
sioners or  company  files  with  the  State  board  a  vote  of  its  city  council, 
selectmen,  or  company,  respectively,  that  such  city,  town,  or  company 
will,  at  its  own  expense,  make  such  changes  in  said  structure  or  its 
location  as  said  board  shall  deem  expedient.  Such  vote  shall  be  bind- 
ing on  such  city,  town,  or  company.  All  damages. caused  by  such 
changes  shall  he  paid  by  such  city,  town,  or  company;  and  if  the  par- 
tias  can  not  agree  thereon,  the  damages  shall,  on  petition  of  either 
party,  filed  within  one  year  after  such  changes  are  made,  l)e  assessed 
by  a  jury  in  the  superior  court  for  the  county  where  the  structure  is 
located. 

Sec.  119.  Appeal  from  order. — Whoever  is  aggi'ieved  by  an  order 
passed  under  the  provisions  of  the  preceding  section  may  api)eal 
therefrom  in  the  manner  provided  in  sections  95  and  97,  but  such 
notice  as  the  court  shall  order  shall  also  he  given  to  the  board  of 
water  commissioners  and  mayor  of  the  city  or  chairmen  of  the  select- 
men of  the  town  or  president  or  other  officer  of  the  water  or  ice  com- 
pany interested  in  such  order.  \Miile  the  appeal  is  pending  the  order 
of  the  board  shall  be  complied  with,  unless  otherwise  authorized  by 
the  board. 

Sec.  120.  Enforeement  of  Imv, — The  supreme  judicial  court  or  the 
superior  court  shall  have  jurisdiction  in  equity,  upon  the  application 
of  the  State  board  of  health  or  of  any  party  interested,  to  enforce  its 
orders  or  the  orders,  rules,  and  regulations  of  said  board  of  health, 
and  to  restrain  the  use  or  occupation  of  the  premises  or  such  portion 
thereof  as  said  board  may  specify,  on  which  said  material  is  deposited 
or  kept,  or  such  other  cause  of  pollution  exists,  until  the  orders,  rules, 
and  regulations  of  said  board  have  been  complied  with. 

Sec.  121.  Entry  on  premises, — The  agents  and  servants  of  said 
board  may  enter  any  building,  stnu^ture,  or  premisi»s  for  the  purpose 
of  ascertaining  whether  sources  of  pollution  or  danger  to  the  water 
supply  there  exist,  and  whether  tlie  rules,  regulations,  and  orders 
aforesaid  are  obeyed.  Their  compensation  for  services  rendered  in 
connection  with  proceedings  under  the  provisions  of  sect^ion  118  shall 
be  fixed  by  the  board  and  shall  in  the  first  instance  be  paid  by  the 
Commonwealth;  but  the  whole  amount  so  paid  shall,  at  the  end  of 
each  year,  be  justly  and  equitably  apportioned  by  the  tax  commis- 
sioner between  such  cities,  towns,  or  companies  as,  during  said  year, 
have  instituted  said  proceedings,  and  nuiy  Ik*  recovered  in  an  action 
by  the  treasurer  and  receiver-general,  with  interest  from  date  of  the 
demand. 
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Sec.  122.  Poialth'H, — Whoever  violates  any  rule,  regulation,  or 
order  made  under  the  provisions  of  section  118  or  section  118  shall  be 
punished  for  each  offence  by  a  fine  of  not  more  than  five  hundred 
dollars,  to  the  use  of  the  Commonwealth,  or  by  imprisonment  for  not 
more  than  one  year,  or  by  both  such  fine  and  imprisonment. 

Sec.  128.  Application  of  preceding  sections, — The  provisions  of  the 
eleven  preceding  sections  shall  not  apply  to  the  Merrimac  or  Con- 
necticut rivers,  nor  to  so  much  of  the  C/oncord  River  as  lies  within 
the  limits  of  the  city  of  I^)well,  nor  to  springs,  streams,  ponds,  or 
water  courses  over  which  the  metropolitan  water  board  has  control. 

Sec.  124.  Sohvcch  of  water  supply — as  to. — The  provisions  of  the 
refuse,  or  polluting  matter  of  such  kind  and  amount  as  either  by 
itself  or  in  connection  with  other  matter  will  corrupt  or  impair  the 
quality  of  the  water  of  any  pond  or  stream  used  as  a  source  of  ice  or 
water  supply  by  a  city,  town,  public  institution,  or  water  company 
for  domestic  use,  or  render  it  injurious  to  health,  and  no  human 
excrement  shall  be  discharged  into  any  such  stream  or  pond,  or  upon 
their  banks  if  any  filter  basin  so  used  is  there  situated,  or  into  any 
feeders  of  such  pond  or  stream  within  twenty  miles  above  the  point 
where  such  supply  is  taken. 

Sec.  125.  Prescriptire  7'if/hts  unaffected — application  limited. — ^The 
provisions  of  the  preceding  section  shall  not  destroy  or  impair  rights 
acquired  by  legislative  grant  prior  to  the  first  day  of  July  in  the 
year  1878,  or  destroy  or  impair  pre^scriptive  rights  of  drainage  or 
discharge,  to  the  extent  to  which  they  lawfully  existed  on  that  dat^; 
nor  shall  it  l)e  applicable  to  the  Merrimac  or  Connecticut  rivers,  or  to 
so  much  of  the  Concord  River  as  lies  within  the  limits  of  the  city  of 
Lowell. 

Sec.  126.  Injunction  a^ain^t  pollution  of  water  supply. — The 
supreme  judicial  court  or  the  superior  court,  upon  application  of  the 
mayor  of  a  city,  the  selectmen  of  a  town,  managing  board  or  officer  of 
a  public  institution,  or  a  water  or  ice  company  interested,  shall  have 
jurisdiction  in  equity  to  enjoin  the  violation  of  the  provisions  of 
sec.  124. 

Sec.  127.  Penalty  for  corrupting  spring^  etc. — WTioever  willfully 
and  maliciously  defiles  or  corrupts  any  spring  or  other  source  of 
water,  or  reservoir,  or  destroys  or  injures  any  pipe,  conductor  of 
water,  or  other  property  pertaining  to  an  aqueduct,  or  aids  or  abets 
in  any  such  trespass,  shall  be  punished  by  a  fine  of  not  more  than 
one  thousand  dollars  or  by  imprisonment  for  not  more  than  one  year. 

Sec.  128.  Penalty  for  corrupting  sources  of  water  supply, — Who- 
ever willfully  dei>osits  excrement  or  foul  or  decaying  matter  in  water 
which  is  used  for  the  purpose  of  domestic  water  supply,  or  upon  the 
shore  thereof  within  five  rods  of  the  water,  shall  be  punished  by  a 
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fine  of  not  more  than  fifty  dollars  or  by  imprisonment  for  not  more 
than  thirty  days;  and  a  police  officer  or  constable  of  a  city  or  town  in 
which  such  water  is  wholly  or  partly  situated,  acting  within  the  limits 
of  his  city  or  town,  and  any  executive  officer  or  agent  of  a  water 
board,  board  of  water  commissioners,  public  institution,  or  water 
company  furnishing  water  or  ice  for  domestic  purposes,  acting  upon 
the  premis(»s  of  such  board,  institution,  or  company,  and  not  more 
than  five  rods  from  the  water,  may,  without  a  warrant,  arrest  any 
person  found  in  the  act  of  violating  the  provisions  of  this  section  and 
detain  him  until  a  complaint  can  be  made  against  him  therefor.  But 
the  provisions  of  this  section  shall  not  interfere  with  the  sewage  of  a 
city,  town,  or  public  institution,  or  })revent  the  enriching  of  land  for 
agricultural  purposes  by  the  owner  or  occupant  thereof. 

Sec.  129.  Penalty  for  hathiiKj  in  puhlir  ponih. — Whoever  bathas  in 
a  pond,  stream,  or  reservoir  the  water  of  which  is  used  for  the  pur- 
jK)se  of  domestic  water  supply  for  a  city  or  town,  shall  l>e  punished 
by  a  fine  of  not  more  than  ten  dollars. 

Sec.  130.  Penalty  for  drichig  on  ice  of  pond  uned  for  water  sup- 
ply.— AVhoever,  not  being  engaged  in  cutting  or  harvesting  ice,  or  in 
hauling  logs,  wood,  or  lumber,  drives  any  animal  on  the  ice  of  a  pond 
or  stream  which  is  used  for  the  purpose  of  domestic  water  supply  for  a 
city  or  town,  shall  be  punished  by  a  fine  of  not  more  than  fifty  dollars 
or  b^'  imprisoimient  for  not  more  than  thirty  days. 

Note. — Sections  95  and  97,  referred  to  in  section  119,  provide  for 
an  appeal  to  the  superior  court  of  the  county  and  a  jury  trial.  The 
verdict  may  alter,  affirm,  or  annul  the  order,  and  shall  be  returned 
to  the  court  for  acceptance,  and,  if  accepted,  shall  have  the  authority 
and  effect  of  a  valid  order  of  the  board. 

MINNESOTA. 
[General  Statutes,  p.  120.] 

Sec.  430.  Pollution  of  sources  of  water  supply  forbidden, — No  sew- 
age, drainage,  or  refuse,  or  polluting  matter  of  such  kind  as,  either 
by  itself  or  in  connection  with  other  matter,  will  corrupt  or  impair 
the  quality  of  the  water  of  any  spring,  well,  pond,  lake,  stream,  or 
river  for  domestic  use,  or  render  it  injurious  to  health,  and  no  human 
or  animal  excrement  shall  be  placed  in  or  discharged  into  or  placed 
or  deposited  upon  the  ice  of  any  pond,  lake,  stream,  or  river  us(>d  as  a 
source  of  water  supply  by  any  town,  village,  or  city;  nor  shall  any 
such  sewage,  drainage,  refuse,  or  polluting  matter  or  excrement  be 
placed  upon  the  banks  of  any  such  pond,  lake,  stream,  or  river  within 
five  miles  above  the  point  where  such  supply  is  taken,  or  into  any 
feeders  or  the  banks  thereof  of  any  such  pond,  lake,  stream,  or  river: 
IBB  152—05  M 0 
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Provided,  nothing  in  this  st»ction  contained  shall  apply  to  Lake  Supe- 
rior.    (1885.     Chap.  :>25,  sec.  1.) 

Sec.  431.  SuperriHion  of-  sources  of  water  supply — procedure  in 
cases  of  pollution, — The  State  board  of  health  shall  have  the  general 
supervision  of  all  sj)rings,  wells,  ponds,  lakes,  streams,  or  rivers  used 
by  any  town,  village,  or  city  as  a  source  of  water  supply,  with  refer- 
ence to  their  purity,  together  with  the  waters  feeding  the  same,  and 
shall  examine  the  same  from  time  to  time,  and  inquire  what,  if  any. 
pollution  exists  and  their  causes.  In  cast*  of  a  violation  of  any  of  the 
provisions  of  s<H'ti(m  one  of  this  act  (sec.  430)  said  l)oard  may  appoint 
a  time  and  place  for  hearing  parties  to  \w  affected,  and  shall  give  due 
notice  thenM)f,  as  hereinafter  provided,  to  such  parties;  and  after 
such  hearing,  if  in  its  judgment  the  public  health  requires  it,  may 
order  any  person  or  corporation,  or  municipal  corporation,  to  desist 
from  the  acts  causing  such  pollution,  "and  may  direct  any  such  j)erson 
or  corporation  to  remedy  the  pollution,  or  to  cleanse  or  purify  the 
polluting  substances  in  such  a  manner  and  to  such  a  degree  as  shall 
be  directed  by  said  board,  Ix^fore  IxMiig  cast  or  allowed  to  flow  into  the 
waters  thereby  polluted,  or  placed  or  deposited  upon  the  ice  or  banks 
of  any  of  the  bodies  of  water  in  the  first  s(»ction  of  this  act  mentioned. 
Upon  the  application  of  the  i)roj)er  officers  of  any  town,  village,  or 
city,  or  of  not  less  than  ten  legal  voters  of  any  such  town,  village,  or 
city,  to  said  State  l>oard,  alleging  the  pollution  of  the  water  supply 
of  any  such  town,  village,  or  city  by  the  violation  of  any  of  the  pro- 
visions of  this  act,  said  State  board  shall  investigate  the  alleged  pol- 
lution, and  shall  appoint  a  time  and  place  when  and  where  it  will 
hear  and  examine  the  matter,  and  shall  give  notice  of  such  hearing 
and  examination  to  the  complainant,  and  also  to  the  perscm  or  cor- 
poration or  munici[)al  corporation  alleged  to  have  caused  such  pollu- 
tion, and  such  notice  shall  l>e  served  not  less  than  ten  days  prior  to 
the  time  so  appointed,  and  shall  be  served  in  the  same  manner  that 
now  is  or  hereafter  may  be  by  law  provided  for  the  s(»rvice  of  a  sum- 
mons in  a  civil  action  in  the  district  court.  Said  board,  if  in  its 
judgment  any  of  the  provisions  of  this  act  have  been  violated,  shall 
issue  the  order  or  orders  already  mentioned  in  this  section.  (1885. 
Chap.  225,  sec.  2.) 

NEW    HAMPSHIRE. 

[PubUc  statutes  of  New  Hampshire  and  general  laws  In  force  Jan.  1,  1901,  p.  337.  chap. 
108.      (Wm.  M.  and  Arthur  H.  Chafie.)! 

Section  13,  entitled,  "  The  prevention  and  removal  of  nuisances,"  is 
as  follows:  "  If  a  person  shall  place,  leave,  or  cause  to  be  placed  or  left 
in  or  near  a  lake,  pond,  reservoir,  or  stream  tributary  thereto,  from 
which  the  water  su[)ply  for  domestic  purposes  of  a  city,  town,  or  vil- 
lage is  taken,  in  whole  or  in  part,  any  substance  or  fluid  that  may 
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cause  the  water  thereof  to  become  impure  or  unfit  for  such  purposes. 
he  shall  be  fined  not  exceeding  twenty  dollars  or  be  imprisoned  not 
exceeding  thirty  days,  or  both." 

Sec.  14.  The  board  of  health  of  the  town  or  the  water  commis- 
sioners having  charge  of  the  water  supply  or  the  proprietors  thereof 
may  remove  such  substance  or  fluid,  and  they  may  recover  the 
expense  of  removal  from  the  person  who  placed  the  same  or  caused 
it  to  be  placed  in  or  near  the  water  as  aforesaid  in  an  action  on  the 
case. 

[Laws  of  1895,  chap.  76,  p.  433.] 
AN  ACT  to  prottvt  waters  used  for  domestic  i)uri>08es. 

Be  it  enacted  by  the  senate  and  houne  of  re  pre  sent  at  ires  in  general 
court  eonrened: 

Section  1.  WTioever  knowingly  and  wilfully  poisons,  defiles,  pol- 
lutes, or  in  any  way  corrupts  the  waters  or  ice  of  any  well,  spring, 
brook,  lake,  pond,  river,  or  reservoir  used  as  the  source  of  a  public 
water  or  ice  supply  for  domestic  purposes,  or  knowingly  corrupts  the 
sources  of  the  water  of  any  water  company  or  of  any  city  or  town  sup- 
plying its  inhabitants  with  water,  or  the  tributaries  of  said  sources  of 
supply,  in  such  a  manner  as  to  affect  the  purity  of  the  water  or  ice  so 
supplied  at  the  point  where  the  water  or  ice  is  taken  for  such  domes- 
tic use,  or  puts  the  carcass  of  any  dead  animal  or  other  offensive 
material  into  said  waters  or  upon  the  ice  thereof,  shall  be  punished 
by  a  fine  not  exceeding  one  thousand  dollars  or  by  imprisonment  not 
exceeding  one  year.  The  provisions  of  this  section  shall  not  apply  to 
the  deposit  of  any  bark,  sawdust,  or  any  other  waste  of  any  kind 
arising  from  the  business  of  cutting,  hauling,  driving,  or  storing  logs, 
or  the  manufacture  of  lumber;  and  the  use  of  any  stream  for  the 
purposes  of  manufacturing  and  for  the  necessary  drainage  connected 
therewith,  if  more  than  four  miles  distant  from  the  point  where  the 
water  is  taken  for  such  domestic  purpose.s,  shall  not  be  deemed  a  vio- 
lation of  this  section. 

Sec.  2.  No  person  shall  cut  or  take  ice  from  any  lake,  pond,  or  res- 
erv^oir  used  as  the  source  of  a  public  water  or  ice  supply  for  domestic 
purposes  for  man,  unless  he  first  shall  comply  in  all  respects  with 
such  reasonable  rules  and  regulations  in  regard  to  the  manner  and 
place  of  cutting  and  taking  such  ice  on  said  lake,  pond,  or  reservoir 
as  may  be  prescribed  by  the  local  board  of  control  or  officers  of  a 
water  company  w  ho  may  have  charge  of  the  works  of  any  city  or  town 
supplying  its  inhabitants  with  water  from  said  lake,  pond,  or  reser- 
voir. The  supreme  court  shall  have  power  to  issue  injunctions 
restraining  any  person  from  cutting  or  taking  ice  from  such  lakes, 
ponds,  or  reservoirs  until  they  have  complied  with  the  reasonable 
regulations  made  as  aforesaid. 


Digitized  by  VjOOQIC 


84  LAWS    FORBIDDING    INLAND- WATER    POLLUTION.  [No.  152. 

Sec.  8.  Said  local  boards  and  officers  may  also  make  all  reasonable 
rules  and  re^ilations  in  regard  to  fishing  and  the  use  of  boats  in  and 
upon  any  such  lake,  pond,  or  reservoir,  and  in  regard  to  racing  or 
speeding  horses  upon  the  ice  thereof,  which  they  may  deem  expe- 
dient. Any  ]x»rson  who  shall  violate  any  of  said  rules  and  regula- 
tions after  notice  thereof  shall  Ix'  fined  not  exceeding  twenty  dollars, 
or  imprisoned  not  exctHuling  six  months. 

Se<\  4.  If  any  person  shall  bathe  in  such  lake,  pond,  or  reservoir 
within  one-fourth  mile  of  the  point  where  said  water  is  taken,  he 
shall  Ik?  fined  not  exceeding  twenty  dollars,  or  imprisoned  not 
(exceeding  six  months. 

Sec.  5.  WluK^ver  shall  wilfully  injure  any  of  the  projK'rty  of  any 
water  company  or  of  any  city  or  town,  used  by  it  in  supplying  water 
to  its  inhabitants,  shall  1h»  punished  by  a  fine  not  exceeding  one 
thousand  dollars,  or  by  imj)ris()nment  not  exceeding  one  year;  and 
such  person  shall  also  forfeit  and  pay  to  such  water  company,  city, 
or  town  three  times  the  amount  of  actual  damages  sustained,  to  be 
recovered  in  an  action  on  the  case. 

Sec.  ().  All  acts  and  parts  of  acts  inconsistent  with  this  act  are 
hereby  repealed,  but  nothing  in  this  act  shall  be  construed  to  repeal 
any  special  act  applying  to  cities  and  towns. 

lLaw8  of  1897,  chap.  85,  p.  82.] 

Section  1.  It  shall  be  the  duty  of  boards  of  health  of  the  cities  and 
towns  of  the  State  to  examine  and  insj>ect  the  sources  from  which  ice 
is  cut,  or  is  proposed  to  bi»  cut,  for  domestic  use  in  such  cities  and 
towns,  and  to  employ  such  means  as  may  be  nece.ssary  to  determine 
whether  the  waters  of  such  sources  of  ice  supply  have  been  polluted, 
or  whether  ice  taken  therefrom  will  be  deleterious  to  the  public 
health. 

Sec.  2.  In  each  case  where  the  waters  of  the  sources  of  ice  supplies? 
shall  Ik*  found  so  polluted  that  the  ice  taken  therefrom  will  \ye 
unhealthy  or  unsafe  for  domestic  use,  the  board  of  health  of  the  city 
or  town  concerned  in  the  same  shall  immediately  notify  such  [person 
or  persons  as  may  have  taken,  or  who  propose  to  take  ice  from  such 
polluted  source  for  their  own  domestic  use  or  for  sale  for  domestic 
use,  of  the  dangerous  character  of  the  waters  inspected  and  that  the 
taking  of  such  ice  for  domestic  use  must  cease. 

Sec.  3.  Whoever  knowingly  or  wilfully  shall  cut  or  take  any  ice  for 
domestic  purposes  from  any  waters  which  are  polluted  with  sewage  or 
other  substance  deleterious  or  dangerous  to  life  or  health,  or  from 
waters  which  a  board  of  health  has  condemned,  shall  be  fined  not 
exceeding  two  hundred  and  fifty  dollars  or  imprisoned  not  exceeding 
six  months. 
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[Acts  of  1899,  chap.  57.1 

Section  1.  Whenever  any  board  of  water  commissioners,  local 
board  of  health,  or  ten  or  more  citizens  of  any  town  or  city  have  rea- 
son to  believe  that  a  public  w  ater  or  ice  supply  is  l)eing  contaminated 
or  is  in  danger  of  contamination,  and  that  the  local  regulations  are 
not  suflScient  or  effective  to  prevent  such  pollution,  they  may  petition 
the  State  board  of  health  to  investigate  the  case  and  to  establish  such 
regulations  as  the  said  board  may  deem  necessary  for  the  protection 
of  the  said  supply  against  any  pollution  that  in  its  judgment  would 
endanger  the  public  health. 

Sec.  2.  Th^  State  board  of  health  shall,  after  due  investigation, 
make  such  regulations  as  it  may  deem  best  to  protect  the  said  supply 
against  any  dangerous  contamination,  and  the  regulations  so  made 
shall  be  in  force  when  a  copy  is  filed  with  the  town  clerk  and  posted 
in  tw  o  or  more  public  places  in  said  town,  or  published  in  some  news- 
paper in  the  county,  and  it  shall  be  the  duty  of  the  local  board  of 
health  to  enforce  said  regulations. 

Sec.  8.  Any  person  violating  any  regulation  established  by  the 
State  board  of  health  shall  l)e  punished  by  a  fine  of  twenty  dollars 
for  each  offense,  and  a  certified  copy  under  oath  of  such  regulation, 
made  by  the  secretary  of  the  State  board  of  health  or  by  the  town 
clerk  where  the  regulations  are  filed,  shall  be  received  as  prima  facie 
evidence  of  such  regulations  in  any  court  of  the  State. 

[Laws  of  100r>,  chap.  12.] 

AX  ACn^  to  protect  the  waters  of  Alton  Bay  from  i)onution  by  sawdust  and  other 

waste. 

Sec.  1.  That  no  sawdust,  shavings,  or  other  waste  product  of  saw- 
mills, planing  mills,  or  other  manufactories  shall  be  deposited, 
dumped,  or  placed  in  that  part  of  Lake  Winnipesaukee  known  as 
Alton  Bay,  nor  shall  any  saw  dust,  shavings,  or  other  waste  products 
be  allowed  to  escape  into,  or  be  deposited,  dumped,  or  placed  in  any 
stream  which  runs  or  empties  into  said  bay. 

Sec.  2.  Any  person,  or  any  officer  of  any  corporation,  violating  the 
provisions  of  this  act  shall  be  fined  not  exc^eeding  twenty-five  dollars 
for  each  offense,  and  each  day  of  a  violation  of  the  same  shall  be 
deemed  a  separate  offense. 

Sec.  3.  All  acts  and  parts  of  acts  inconsistent  with  this  act  are 
hereby  repealed. 

Sec.  4.  This  act  shall  take  effect  on  April  1,  1905. 

Approved  February  9,  1905. 
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[Laws  of  1905.  chap.  73.1 

AN  ACT  to  prohibit  the  (loi>«>J<it  of  sawdust  and  other  sawmill  refuse  and  other 
waste  in  Swift  Uiver  and  its  trihutari(*s  in  the  town  of  Tamworth. 

Sec.  1.  Any  jxTson  who  shall  deposit,  dump,  place,  or  cause  to  be 
deposited,  dumped,  or  placed  any  sawdust  or.  other  sawmill  refuse, 
rubbi.sh,  or  other  waste  in  Swift  River  and  its  tributaries,  in  the 
town  of  Tamworth,  shall  be  fined  not  less  than  ten  dollars  nor  more 
than  fifty  dollars. 

Se(\  2.  This  act  shall  take  etfect  upon  its  passage. 

Approved  March  9,  1905. 

[Laws  of  100.%,  cliap.  74.] 
AN  ACT  to  protect  Mink  Brooli  from  i>oUution  by  sawdust  and  other  waste. 

Sec.  1.  No  person  or  corporation  shall  put  or  place,  or  cause  or 
allow  to  be  put  or  placed,  any  sawdust,  shavings,  edgings,  chips, 
bark,  or  other  waste  from  woodwork  establishments  into  Mink  Brook 
in  the  town  of  Hanover. 

Sec.  2.  Any  person  or  corporation  violating  the  provisions  of  this 
act  shall  Ik»  punished  by  a  fine  not  exceeding  ten  dollars  for  each 
oflFense,  and  every  day  that  they  violate  the  same  shall  be  deemed  a 
separate,  offense. 

Sec.  3.  This  act  shall  take  effect  June  1,  1905. 

Approved  March  9,  1905. 

[Laws  of  100r>,  chap.  88.1 

AN  ACT  to  protect  Union  River  and  its  tributaries  from  pollution  by  sawdust 

and  other  waste. 

Sec.  1.  No  person  or  corporation  shall  put  or  place,  or  cause  to  be 
put  or  placed,  any  sawdust,  shavings,  edgings,  chips,  bark,  or  other 
waste  from  sawmills  or  other  woodwork  establishments  into  Union 
River,  so  called,  or  its  tributaries,  in  the  towns  of  Brookfield  and 
Wakefield  in  Carroll  County,  and  the  town  of  Milton  in  Stratford 
County.  Any  person  or  corporation  violating  the  provisions  of  this 
act  shall  be  punished  by  a  fine  not  exceeding  one  hundred  dollars  for 
each  offense. 

Sec.  2.  This  act  shall  take  effect  on  April  15,  1905. 

Approved  March  10,  1905. 

new  jersey. 

[General  Statutes,  p.  1109.] 

AN  ACT  to  prevent  the  pollution  of  the  waters  of  any  of  the  creeks,  ponds,  or 
brooks  of  this  State.     (Approved  March  29,  1878.) 

822.  Section  1.  That  if  any  person  or  persons  shall  throw,  cause  or 
permit  to  be  thrown,  into  the  waters  of  any  creek,  pond,  or  brook  of 
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this  State,  the  waters  of  which  may  Ik»  used  for  the  cutting  or  harvest- 
ing of  ice,  any  carcasses  of  any  dead  animal  or  any  offal  or  offensive 
matter  whatsoever,  calculated  to  render  said  waters  impure  or  creati* 
noxious  or  offensive  smells,  or  shall  connect  any  water-closi»t  with  any 
sewer  or  other  means  whereby  the  contents  thereof  may  lx»  conveyed 
to  and  into  any  such  creek,  pond,  or  br(K)k,  shall  Ih»  deemed  guilty  of 
a  misdemeanor,  and  on  conviction  thereof  shall  lx>  punished  by  a  fine 
not  exceeding  one  hundred  dollars,  or  imprisonment  not  exceeding 
thirty  days,  or  both. 

[2  Oenerni  Stntutes,  p.  2215.] 

AN  A(^  to  enable  towns  and  townships  in  this  State  to  construct  waten^^orks 
for  the  extin^ishment  of  fires  and  supply iuR  the  inhabitants  thereof  with 
pure  and  wholesome  water.     (Approve<l  March  0,  1803.) 

419.  Sec.  13.  That  if  any  person  or  persons  shall  willfully  pollute 
or  adulterate  the  waters  in  any  resi»rvoir  erected  under  the  provisions 
of  this  act,  any  pei-son  so  offending  shall  lx»  deemed  guilty  of  a  mis- 
demeanor, and  on  conviction  thereof  shall  be  punished  by  a  fine  not 
excluding  five  hundred  dollars,  or  by  imprisonment  at  hard  labor  not 
exceeding  thrive  years,  or  lH)th,  at  the  discretion  of  the  court  before 
whom  such  conviction  shall  lx»  had. 

[rienoral  Statutes,  p.  1107.1 

Supplement  to  an  act  to  prevent  the  willful  i>ollution  of  waters  of  any  of  the 
creeks,  i>onds,  or  brooks  of  this  State.     (Approved  February  27,  1880.) 

Section  1.  (As  amended  by  act  passed  March  14,  181)3.  (leneral 
Statutes,  p.  1107,  sec.  811.)  That  if  any  person  or  persons  shall  throw, 
cause  or  permit  to  be  thrown  into  any  reservoir,  or  into  the  waters  of 
any  creek,  pond,  or  brook  of  this  State  which  runs  through  or  along 
the  border  of  any  city,  town,  or  borough  of  this  State,  or  the  waters  of 
which  are  used  to  supply  any  aqueduct  or  reservoir  for  distribution 
for  public  use,  any  carcass  of  any  dead  animal,  or  any  offal  or  offen- 
sive matter  whatsoever  calculated  to  render  said  waters  impure,  or  to 
create  noxious  or  offensive  smells,  or  shall  connect  any  water-closet 
with  any  sewer,  or  other  means  whereby  the  contents  thereof  may  be 
conveyed  to  and  into  any  such  creek,  iK)nd,  or  brook,  or  shall  so  de- 
ix)sit  or  cause  or  permit  to  Ik»  deposited  any  such  carcass,  offal,  or 
other  offensive  matt<»r  that  the  washing  or  waste  therefrom  shall  or 
may  be  conveyed  to  and  into  any  such  creek,  pond,  brook,  or  reservoir, 
such  person  or  persons  shall  be  deemed  guilty  of  a  misdemeanor,  and 
on  conviction  thereof  shall  be  punished  by  a  fine  not  exceeding  one 
thousand  dollars,  or  by  imprisonment  not  exceeding  two  years,  or  both. 

309.  Sec.  2.  That  it  shall  be  the  duty  of  the  owner  or  owners,  occu- 
pant or  occupants  of  any  land  wherecm  any  such  carcass,  offal,  or 
other  offensive  matter  may  Ik*  to  cause  the  same  to  Ih»  buried  forth- 
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with,  SO  that  all  portions  thereof  shall  be  covered  with  solid  earth  to 
a  depth  of  at  l(*Ust  two  feet  lH»k)w  the  surface  of  the  ^ound,  and  not 
within  a  distance  of  two  hundred  feet  from  such  creek,  pond,  or 
brook  ustnl  as  aforesaid;  and  any  such  owner  or  cxrupant  who  shall 
refuse  or  ne^j^lect  for  the  space  of  two  days  to  remove  and  bury  as 
aforesaid,  or  cause  to  be  removed  and  buried,  any  such  carcass,  offal, 
or  offensive  matter  shall  l)e  deemed  ^ilty  of  a  misdemeanor,  and  on 
conviction  thereof  shall  l)e  punished  by  a  fine  not  exceeding  one  thou- 
sand dollars,  or  by  imprisoiunent  not  exceeding  two  years,  or  both. 

[Laws  of  1808,  chap.  136,  p.  233.] 

AN  ACT  authorizing  the  appoint  men  t  of  commisHioners  to  consider  the  subject 
of  the  pollution  of  rivers  and  streams  within  this  State,  to  provide  a  plan  for 
the  prevention  thereof,  and  for  the  relii»f  of  the  persons  and  property  aflfeeted 
ther€»h.v,  and  to  provide  for  the  exi)en8es  necessary  for  that  purpose. 

Re  if  enacted  hy  the  nenatetand  qenerid  oHsembly  of  the  State  of 
Xev  Jersey : 

1.  The  governor  of  this  State  shall  have  power  and  authority  to 
appoint  and  commission  not  less  than  three  suitable  persons  commis- 
sioners to  consider  the  subject  of  the  pollution  of  any  stream  or  river 
within  this  State,  whose  duty  it  shall  be,  after  having  duly  investi- 
gated the  cause,  character,  and  extent  of  such  pollution,  if  they  shall 
deem  it  necessary  and  expedient,  to  pfepare  and  jM^rfect  a  plan  for 
the  prevention  thereof  and  for  the  relief  of  the  i>ersons  and  property 
affected  thereby,  and  to  report  their  conclusions  and  present  their 
plan  to  the  legislature  of  this  State,  together  with  a  bill  providing 
therefor  and  for  the  expenses  thereof. 

2.  Such  commissioners,  when  so  appointed,  shall  organize  by  the 
selection  of  one  of  their  number  as  chairman  and  one  to  act  as  treas- 
urer, and  they  are  authorized  to  select  a  clerk  and  to  employ  such 
other  agents  and  assistants  as  may  be  necessary.  The  salary  and 
compensation  of  such  commissioners  shall  be  fixed  by  the  governor, 
and  shall  not  exceed  one  thousand  dollars  each,  and  they  shall  have 
power  and  authority  to  fix  the  compensation  of  their  agents  and 
assistants. 

8.  Such  commissioners  are  authorized  to  raise  and  expend  for  the 
purposes  of  this  act  a  sum  not  exceeding  twenty-five  thousand  dollars, 
which  sum,  or  such  part  thereof  as  may  be  required  and  be  necessary, 
they  are  hereby  authorized  to  apportion  among  the  several  local 
municipalities  which  the  said  commissioners  shall  deem  to  be  affected 
by  such  pollution,  in  proportion  to  the  population  of  such  municipali- 
ties as  shown  by  the  last  State  or  National  census,  and  the  sum  or 
sums  so  apportioned  shall  l>e  certified  by  the  said  commissioners 
under  their  hands  to  the  assessors  or  other  taxing  officers  of  the  said 
several  municipalities,  and  it  shall  be  the  duty  of  the  proper  taxing 
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officer  or  officers  in  each  of  the  said  municipalities  to  whom  such 
apportionment  is  made  to  proceed  to  have  the  same  levied  and 
assessed  and  collected  in  the  same  manner  and  at  the  same  time  as 
other  taxes  are  levied  and  collected  therein,  and  it  shall  be  the  duty 
of  the  collector  or  other  equivalent  officer  of  each  of  the  said  munici- 
palities to  pay  over  the  said  several  sums  of  money,  when  so  levied, 
assessed,  and  collected,  to  the  said  commissioners  or  to  such  person  . 
or  persons  as  they  may  appoint  to  receive  the  same,  and  the  said 
commissioners  are  authorized  to  use  and  disburse  the  same  for  the 
purposes  of  this  act. 

4.  The  commissioners  appointed  under  the  authority  of  this  act 
shall  have  the  power  and  authority  to  anticipate  the  collection  and 
receipt  of  the  sums  of  money  hereby  authorized  to  be  raised  by  tax- 
ation, and  may  issue  from  time  to  time  certificates  of  indebtedness,  or 
other  obligations,  to  be  paid  from  the  funds  to  be  raised  by  taxation 
in  the  manner  herein  provided;  and  they  are  authorized  to  use  the 
funds  received  from  the  sale  or  negotiation  of  such  certificates  or 
obligations  authorized  to  be  issued  by  this  act. 

5.  Said  commissioners  are  hereby  required,  at  any  time,  on  the 
order  of  the  governor,  to  render  to  him  a  report  and  statement  of 
their  receipts  and  expenditures  under  the  authority  of  this  act. 

0.  Vacancies  caused  by  the  death  or  r(^signation  of  any  commis- 
sioner appointed  under  the  authority  of  this  act,  or  from  other 
clause,  shall  lx»  filled  l)v  the  governor,  and  the  governor  may  remove 
any  of  the  persons  so  appointed  and  appoint  another  commissioner 
in  his  place. 

7.  This  act  shall  take  effect  inunediately. 
Approved  April  2,  1898. 

(Laws  of  1899,  chap.  41,  p.  73.1 

AX  ACT  to  secure  the  purity  of  the  public  supplies  of  potable  waters  in  this 

State. 

Be  it  enacted  by  the  senate  and  general  assemhly  of  the  State  of 
New  Jersey: 

1.  No  sewage,  drainage,  domestic  or  factory  refuse,  excrement al  or 
other  polluting  matter  of  any  kind  whatsoever  which,  either  by  itself 
or  in  connection  with  other  matter,  will  corrupt  or  impair,  or  tend  to 
corrupt  or  inipair,  the  quality  of  the  water  of  any  river,  brook,  stream, 
or  any  tributary  or  branch  thereof,  or  of  any  lake,  pond,  well,  spring, 
or  other  reservoir  from  which  is  taken,  or  may  be  taken,  any  public 
supply  of  water  for  domestic  use  in  any  city,  town,  borough,  town- 
ship, or  other  municipality  of  this  State,  or  which  will  render,  or 
tend  to  render,  such  water  injurious  to  health,  shall  be  placed  in,  or 
discharged  into,  the  waters,  or  placed  or  deposited  upon  the  ice,  of 
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any  such  rivor,  br(M)k,  stream,  or  any  tributary  or  branch  thereof,  or 
of  any  lake,  pond,  weH,  spring,  or  other  reservoir  above  the  point 
from  whieh  any  city,  town,  l>orou^h,  township,  or  other  municipality 
shall  or  may  obtain  its  sui)ply  of  water  for  domestic  use,  nor  shall 
any  such  sewage,  drainage,  domestic  or  factory  refuse,  excremental  or 
other  polluting  matter  l>e  placed  or  suffered  to  remain  upon  the  banks 
of  any  such  river,  brook,  stream,  or  of  any  tributary  or  branch 
thereof,  or  of  any  lake,  pond,  well,  spring,  or  other  reservoir  above 
the  point  from  which  any  city,  town,  borough,  township,  or  other 
municipality  shall  or  may  obtain  its  supply  of  water  for  domestic  use 
as  aforesaid ;  and  any  j)erson  or  persons,  or  private  or  public  corpora- 
tion, which  shall  offend  against  any  of  the  provisions  of  this  section 
shall  be  liable  to  a  penalty  of  one  hundred  dollars  for  each  offense; 
and  each  week's  continuance,  after  notice  by  the  State  or  local  board 
of  health  to  abate  or  remove  the  same,  shall  constitute  a  separate 
offense:  Proridcd^  howerer^  That  this  section  shall  not  be  held  to 
apply  to  any  city,  town,  borough,  township,  or  other  municipality  of 
this  State  which,  at  the  date  of  the  passage  of  this  act,  has  a  public 
sewer  or  system  of  sewers,  drain  or  system  of  drains,  legally  con- 
structed under  municij)al  or  township  authority,  discharging  its 
drainage  or  sewage  into  any  such  river,  brook,  stream,  lake,  pond, 
well,  spring,  or  other  reservoir:  And  provided  further^  That  nothing 
in  this  s(»ction  contained  shall  h^  construed  to  repeal,  modify,  or  other- 
wise affect  any  law  or  statute  now  conferring  upon  any  local  board  of 
health  the  power  or  authority  to  institute  any  proceedings  in  any 
court  of  this  State  for  the  recovery  of  any  penalty  for,  or  obtaining 
any  injunction  against,  the  pollution  of  any  of  the  waters  of  this 
State. 

2.  Any  penalty  incurred  under  any  of  the  provisions  of  the  first 
section  of  this  act  may  be  recovered,  with  costs,  in  a  summary  pro- 
ceeding, either  in  the  name  of  the  board  of  health  of  the  State  of  New 
Jersey  or  in  the  name  of  the  local  board  of  health  of  the  township, 
city,  borough,  town,  or  other  local  municipal  government  within 
whose  jurisdiction  the  penalty  may  have  been  incurred;  it  shall  be 
the  duty  of  any  health  inspector,  or  member  of  any  local  board  of 
health,  who  shall  know  or  be  informed  of  any  violation  of  any  of  the 
provisions  of  the  first  section  of  this  act  whereby  any  penalty  may 
have  been  incurred,  to  make,  and  any  other  person  havingsuch  knowl- 
edge may  make,  under  oath  or  affirmation,  a  complaint  against  the 
person  or  persons  or  private  or  public  corporation  incurring  such  pen- 
alty, setting  forth  the  facts  of  such  violation,  which  complaint  shall 
be  filed  in  the  office  of  the  clerk  of  the  district  court,  or  with  any 
justice  of  the  peace  of  the  county  within  which  the  offense  may  have 
been  committed,  or  with  any  police  justice  or  recorder  of  the  town- 
ship, city,  or  other  municipality  within  which  any  local  board  bring- 
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iug;  suit  shall  have  jurisdiction;  and  the  district  court,  justice  of  the 
[3eac*e,  ix>lice  justice,  or  recorder,  with  whom  any  complaint  shall  be 
filed  as  aforesaid,  s<»tting  forth  facts  sufficient  to  show  that  the  penalty 
prescribed  by  the  first  section  of  this  act  has  been  incurred,  is  hereby 
authorized  and  required  to  issue  procass  either  in  the  nature  of  a  sum- 
.nons  or  warrant,  which  process,  when  in  the  nature  of  a  warrant, 
shall  l)e  returnable  forthwith,  and  when  in  the  nature  of  a  summons 
shall  l)e  returnable  in  not  less  than  five  nor  more  than  fifteen  days. 
On  the  return  of  such  process,  or  at  any  time  to  which  the  trial  shall 
have  l)een  adjourned,  the  said  court,  justice  of  the  j^eace,  police  jus- 
tice, or  recorder  shall  proceed  to  hear  the  testimony  of  witnesses  and 
the  proofs  in  the  case,  and  to  determine  and  give  judgment  in  the 
matter  without  the  filing  of  any  pleadings,  and,  if  judgment  shall  be 
l^ven  in  favor  of  the  plaintiff,  execution  shall  forthwith  issue  against 
the  goods  and  chattels  of  the  defendant  for  the  amount  of  the  penalty, 
with  costs;  and  all  judgments  so  rendered  shall  have  the  same  forc^ 
and  effect  as  other  judgments  in  civil  actions  In^fore  civil  courts  and 
officers,  and  may  l)e  docketed  in  like  manner  in  the  office  of  the  clerk 
of  the  court  of  common  pleas;  the  officers  to  starve  and  execute  any 
process  or  execution  issued  as  aforesaid  shall  l)e  the  constables  of  the 
counties,  which  service  and  execution,  in  the  casi*  of  any  execution 
issued  out  of  the  district  court,  shall  be  made  in  the  same  manner  and 
under  the  same  liabilities  as  other  executions  issued  out  of  said  court 
are  served  and  executed ;  the  officers  to  serve  and  execute  any  process 
or  execution  issued  by  a  justice  of  the  peace,  police  justice,  or  recorder, 
shall  be  the  constables  of  the  county,  which  st^rvice  and  execution 
shall  be  made  in  the  same  manner  and  under  the  same  liabilities  as 
prescribed  in  cases  of  the  service  and  execution  of  processes  and  exe- 
cutions by  the  act  entitled  "An  act  constituting  courts  for  the  trial 
of  small  causes,"  and  the  supplements  thereto;  all  moneys  recovered 
in  any  such  proceeding  shall  l>e  paid  to  the  plaintiff  therein  and 
applied  by  such  plaintiff  to  any  purpose  for  which  it  may  be  legally 
authorized  to  expend  money. 

3.  The  State  board  of  health  shall  have  the  general  supervision, 
with  reference  to  their  purity,  of  all  rivers,  brooks,  streams,  lakes, 
j>onds,  wells,  springs,  or  other  reservoirs  in  this  State  the  waters  of 
which  are  or  may  be  used  as  the  source  or  sources  of  public  water 
supplies  for  domestic  use,  together  with  the  wateiN  feeding  the  same, 
and  shall  have  the  authority  from  time  to  time,  as  they  deem  neces- 
5-:ary  or  proper,  to  examine  the  same  and  to  inquire  what,  if  any,  pol- 
lutions exist  and  their  causes;  and  the  said  State  board  of  health,  in 
carrying  out  the  provisions  of  this  section,  may  from  time  to  time,  as 
they  deem  it  necessary  or  proper,  address  inquiries  in  printed  or 
written  form  to  any  local  board  of  health,  municipal  or  township 
authority,  corporation,  or  person  or  i)ersons,  which  inquiries  it  shall 
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he  tlio  duty  of  the  persons  or  parties  addressed  to  answer  within  such 
time  as  the  said  State  board  of  health  may  in  such  inquiries  prescribe. 

4.  If  any  person  or  jx^rsons,  corporation  or  corporations,  city,  town, 
lK)rough,  township,  or  otlier  municipality  of  this  State,  or  any  munici- 
pal or  township  authority,  shall  violate  any  of  the  provisions  of  the 
first  section  of  this  act,  it  shall  be  lawful  for  the  said  State  board  of 
health,  instead  of  proceeding  in  a  summary  way  to  recover  the  pen- 
alty prescribed  in  said  section,  to  file  a  bill  in  the  court  of  chancery, 
in  the  name  of  the  State,  on  the  relation  of  such  board,  for  an  injunc- 
tion to  prohibit  the  further  violation  of  the  said  section,  and  every 
such  action  shall  proceed  in  the  court  of  chancery  according  to  the 
lules  and  practice  of  bills  filed  in  the  name  of  the  attorney-general 
on  the  relation  of  individuals,  and  cases  of  emergency  shall  have 
precedence  over  other  litigation  pending  at  the  time  in  the  court  of 
chancery,  and  may  lx»  heard  on  final  hearing  within  such  time  and  on 
such  notice  as  the  chancellor  shall  direct. 

5.  All  acts  and  parts  of  acts  inconsistent  with  the  provisions  of  this 
act  are  hereby  repealed. 

G.  This  act  shall  take  eflFect  immediately. 
Approved  March  17,  1899. 

riiEWS  of  18J)0.  rhap.  210,  p.  536.] 

AX  ACT  to  prevent  the  poUutlon  of  the  waters  of  this  State  by  the  establishment 
of  a  State  seworago  commission,  and  authorizing  the  creation  of  sewerage 
districts  and  district  sewerage  boards,  and  prescribing,  defining,  and  regulating 
tlio  iK)wers  and  duties  of  such  connnission  and  such  boards. 

Re  it  enarfed  hy  the  senate  and  (jeneral  a.s8emhJy  of  the  State  of  New 
Jersey : 

1.  It  shall  be  the  duty  of  the  governor,  within  thirty  days  next  suc- 
ceeding the  approval  or  passage  of  this  act,  to  appoint,  by  and  with 
the  advice  and  consent  of  the  senate,  five  citizens  of  this  State,  to 
compose  and  be  known  as  '*  the  State  sewerage  commission."  In  the 
original  nomination  of  the  members  of  said  commission  to  the  senate 
the  governor  shall  designate  one  of  them  to  serve  for  one  year,  and 
two  for  two  years,  and  two  for  three  years,  and  thereafter  the  mem- 
bers of  said  commission  shall  l)e  appointed  by  the  governor,  by  and 
with  the  advice  and  consent  of  the  senate,  for  the  term  of  three  years 
and  until  their  successors  are  duly  appointed,  confirmed,  and  quali- 
fied. Any  vacancy  occurring  in  said  commission  when  the  legislature 
is  not  in  session  shall  be  filled  by  appointment  of  the  governor  until 
the  next  regular  st^ssion  of  the  legislature,  when  such  vacancy  shall 
be  filled  in  the  manner  hereinbefore  provided,  but  any  such  last- 
mentioned  appointment  and  confirmation  by  the  senate  shall  be  for 
the  unexpired  term  only.    Members  of  said  commission,  before  enter- 
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ing  upon  the  duties  of  their  office,  shall  make  and  subscribe  an  oath 
or  affirmation  (before  some  person  authorized  by  the  laws  of  this 
State  to  administer  the  same)  to  truly,  faithfully,  and  impartially 
perform  and  discharge  the  duties  of  their  office  according  to  law  and 
file  the  same  with  the  secretary  of  state.  The  terms  of  office  of  the 
members  of  said  commission  (except  thosi*  appointed  by  the  governor 
to  fill  vacancies  as  aforesaid)  shall  commence  on  (he  fii^st  Monday  of 
May  next  succeeding  their  appointment  by  the  governor  and  confir- 
mation by  the  senate.  On  (he  first  Monday  of  May  next  succeeding 
the  original  appointment  of  said  commission  the  members  thereof 
j?hall  meet  at  the  statehouse  in  the  city  of  Trenton  and  organize  by 
the  election  of  one  of  their  number  to  lx».  chairman  of  said  conunis- 
s:ion  and  one  to  be  treasurer  thereof,  which  officers  shall  hold  office  at 
the  pleasure  of  the  commission.  After  having  so  met  and  organized 
subsequent  meetings  of  the  conmiission  shall  be  held  at  such  times 
and  places  as  the  commission  may  direct  or  as  it  may  lx»  called  to 
meet  by  the  chairman. 

2.  Said  commission  shall  keep  a  record  of  all  its  proceedings  and 
transactions,  also  full  and  accurate  account  of  its  receipts,  disburse- 
ments, expenditures,  assets,  and  liabilities,  and  shall  annually  report 
to  the  legislature  its  operations,  proceedings,  and  transactions  for  the 
preceding  year,  with  a  statement  or  abstract  of  such  receipts,  dis- 
l>ursements,  expenditures,  assets,  and  liabilities. 

3.  The  members  of  said  commission  shall  each  receive  an  annual 
salary  of  one  thousand  dollars,  to  be  paid  as  other  salaries  of  State 
officers  are  paid.  Said  commission  may  have  a  secretary  (not  m 
member  of  the  commission),  to  l>e  api>ointed  by  the  commission  or  a 
majority  thereof,  who  shall  hold  his  office  at  the  pleasure  of  the  com- 
mission or  a  majority  thereof,  and  receive  such  salary  as  the  commis- 
sion or  a  majority  thereof,  with  the  approval  of  the  governor,  may 
fix;  said  commission  or  a  majority  thereof  may  also  from  time  to 
time  employ  or  appoint  such  experts,  engineers,  officers,  agents, 
employes,  workmen,  and  servants  as  it  may  deem  necessary  or  proper 
to  enable  it  to  perform  its  duties  and  carry  out  the  objects  and  pur- 
poses of  this  act;  and  said  commission  or  a  majority  thereof  may 
fix  and  determine  the  duties  and  compensation  of  said  experts,  engi- 
neers, officers,  agents,  employes,  workmen,  and  servants,  and  remove 
or  discharge  the  same  or  any  of  them  at  pleasure. 

4.  It  shall  be  the  duty  of  the  secretary  to  keep  a  record  of  all  the 
proceedings  and  transactions  of  the  commission,  to  prepare  the  annual 
report  to  the  legislature,  and  jM»rform  such  other  duties  as  the  com- 
mission may  require.  It  shall  l>e  the  duty  of  the  treasurer  to  take 
charge  of  the  moneys  received  by  the  commission,  to  keep  accurate 
accounts  of  the  receipt  and  disbursement  thereof,  and  to  deposit  and 
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pay  out  said  moneys  as  the  commission  may  direct  and  under  such 
rules  and  regulations  as  it  may  from  time  to  time  establish.  The 
treasurer  may  be  required  to  give  bond  to  the  commission  for  the  due 
and  faithful  performance  of  his  duties  as  such  treasurer,  in  such  sum 
and  with  such  sureties  as  the  commission  or  a  majority  thereof  may 
require  and  approve. 

8.  It  shall  he  the  duty  of  said  commission  to  investigate  the  vari- 
ous methods  of  sewage  disposal,  either  in  this  country  or  elsewhere, 
in  order  that  they  may  be  able  to  make  proper  recommendations  in 
regard  thereto.  They  shall  investigate  all  complaints  of  pollution  of 
the  waters  of  this  State  which  shall  be  brought  to  their  notice,  and 
shall  advise  as  to  the  best  methods  of  sewage  disposal  in  order  to 
prevent  such  pollution. 

6.  It  shall  be  unlawful  for  any  person,  corporation,  or  municipality 
to  build  any  sewer  or  drain  or  sewerage  system  from  which  it  is 
designed  that  any  sewage  or  other  harmful  and  deleterious  matter, 
solid  or  liquid,  shall  flow  into  any  of  the  waters  of  this  State  so  as  to 
pollute  or  render  impure  said  waters,  except  under  such  conditions  as 
shall  be  approved  by  the  State  sewerage  commission:  Pro t?ided, That 
the  provisions  of  this  section  shall  not  he  deemed  to  prohibit  the  use 
or  extension  of  existing  sew  ers,  drains,  or  sewerage  systems. 

7.  It  shall  he  unlaw  ful  for  any  person,  corporation,  or  municipality 
to  build  or  cause  to  be  built  any  plant  for  the  treatment  of  sewage  or 
other  polluting  substance  from  which  the  effluent  is  to  flow  into  any 
of  the  waters  of  this  State,  except  under  such  conditions  as  shall  be 
approved  by  the  State  sewerage  commission,  to  whom  the  plans  shall 
be  submitted  before  building. 

8.  On  or  before  the  first  day  of  January,  one  thousand  nine  hun- 
dred, and  thereafter  whenever  required  by  said  commission,  the  mayor 
of  every  municipality  and  the  chairman  of  every  township  committee 
of  every  township  now  having,  using,  owning,  leasing,  or  controlling 
a  sewerage  plant  or  system  shall  furnish  to  said  commission,  on  blanks 
to  be  provided  by  said  commission,  a  statement  showing  the  disposi- 
tion made  of  the  sewage  of  their  respective  municipalities  or  town- 
ships, and,  as  near  as  possible,  the  amount  discharged  each  twenty- 
four  hours,  and  such  other  information  and  data  as  may  be  called  for 
by  said  blanks  to  be  provided  as  aforesaid  by  said  commission. 

9.  The  words  "  waters  of  this  State,"  as  used  in  this  act,  shall  be 
held  and  construed  to  mean  and  include  any  and  all  waters  of  any 
pond,  lake,  creek,  inlet,  bay,  estuary,  river,  or  stream  of  this  State. 

10.  To  enable  said  commission  to  carry  out  and  enforce  the  provi- 
sions of  this  act,  the  said  commission  may  expend  a  sum  not  exceeding 
five  thousand  dollars,  when  duly  appropriated. 

11.  And  whereas,  in  order  to  prevent  the  pollution  of  the  waters  of 
this  State,  it  is  deemed  necessary  to  establish  a  proper  system  or  sys- 
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terns  of  sewerage  and  drainage  wherein  may  or  may  not  be  included 
a  system  or  systems  of  sewage-disposal  works  for  the  scientific  treat- 
ment and  proper  disposal  of  sewage  and  sewage  matter  and  the  efflu- 
ent thereof,  and  the  establishment  of  any  such  system  or  systems 
may  render  proper  or  necessary  the  formation  or  creation  of  sewerage 
districts  embracing  portions  or  the  whole  of  the  territory  of  two  or 
more  of  the  municipalities  of  this  State,  within  which  districts  such 
system  may  be  constructed,  maintained,  and  operated,  and  such 
municipalities  may  be  unable,  through  lack  of  power  and  authority 
or  otherwise,  to  agree  upon  the  establishment  of  any  such  system  or 
systems  or  upon  the  extent  or  limits  of  the  territory  of  their  respec- 
tive municipalities  to  be  included  in  any  such  district  or  districts  and 
devoted  to  the  uses  and  purposes  of  any  such  system  or  systems  as 
aforesaid;  therefore  upon  presentation  to  said  the  State  sewerage 
commission  of  a  petition  in  writing,  setting  forth  that  in  order  to  pre- 
vent the  pollution  of  the  waters  of  this  State,  or  any  of  them,  it  is 
}>roper  or  necessary  that  portions  or  the  whole  of  the  territory  of  two 
or  more  of  the  municipalities  of  this  State  should  be  erected  into  a 
Fewerage  district  for  the  construction,  maintaining,  and  operation 
within  such  district  of  a  system  of  sewerage  and  drainage  or  a  system 
of  sewage-disposal  works,  or  of  both  such  systems,  and  naming  each 
municipality,  the  whole  or  any  portion  of  the  territory  whereof  it  is 
proposed  shall  be  included  in  such  district,  and  stating  generally  the 
boundaries  and  outlines  of  such  proposed  district  with  sufficient 
exactness  to  show  approximately  the  quantity  or  extent  of  territory 
of  each  municipality  to  l>e  embraced  in  such  proposed  district,  and 
requesting  said  commission  to  create  and  establish  such  district  for 
either  or  both  of  the  purposes  aforesaid ;  and  if  said  petition  be  sigried 
by  the  mayors  or  other  chief  executive  officers  of  all  of  the  munici- 
palities named  in  said  petition,  any  of  whose  territory  is  proposed  to 
be  included  in  said  district,  said  signatures  being  respectively  affixed 
to  said  petition  by  authority  or  direction  of  the  respective  governing 
bodies  of  such  municipalities  (full  power  and  authority  to  authorize 
and  direct  the  signing  of  any  such  petition  being  hereby  conferred 
upon  and  vested  in  all  such  governing  bodies),  and  the  signing  of 
said  petition  by  such  authority  or  direction  being  made  to  appear  by 
affidavit  or  other  due  proof  thereof,  it  shall  be  lawful  for  said  the 
State  sewerage  commission  to  appoint  a  time  and  place  when  and 
where  it  will  attend  and  give  public  hearing  of  the  matters  contained 
in  said  petition  to  all  persons  and  parties  interested  therein;  said 
commission  shall  cause  at  least  twenty  days'  notice  to  lx»  given  of  the 
time  and  place  of  any  such  hearing  by  publishing  the  same  in  the 
newspaper  or  newspapers,  if  any,  published  within  said  proposc^d  dis- 
trict, and  if  none  be  published  therein,  then  in  a  newspaper  or  news- 
papers published  in  the  neighborhood  of  said  proposed  district  and 
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circulating  tlierein;  said  notice  may  also,  at  the  discretion  of  said 
conmiission,  lx»  published  in  a  newspaper  or  newspapers  published 
outside  of  said  proposed  district,  whether  or  not  any  paper. or  papers 
be  published  within  the  same;  said  commission  shall  also,  at  least 
ten  days  prior  to  the  day  fixed  for  such  hearing,  cause  notice  of  the 
time  and  place  thereof  to  be  mailed  to  or  served  upon  the  mayor  or 
other  chief  executive  officer  of  any  and  all  municipalities  named  in 
said  j)etition,  any  territory  whereof  is  included  in  said  proposed  dis- 
trict; and  said  commission  may,  if  it  deem  proi)er  so  to  do,  require  a 
copy  of  said  petition  to  Ik*  mailed  to  or  s(»rved  upon  such  mayors  or 
other  chief  executive  officers  such  numlx»r  of  days  prior  to  said  hear- 
ing as  it  may  direct;  said  hearing  may  be  adjournal  from  time  to 
time  as  said  commission  may  decide;  the  sessions  of  said  commission 
on  said  hearing,  or  any  adjournment  thereof,  when  sitting  for  the 
taking  of  testimony  or  hearing  argument  of  counsel,  shall  l)e  open 
and  public,  and  witnesses  may  be  examined  under  oath  or  affirmation, 
which  any  memlx»r  of  said  commission  or  the  secretary  thereof  is 
hereby  authorized  and  empowered  to  administer;  the  secretary  of  said 
commission  shall  attend  at  all  such  hearings  and  keep  minutes  of  the 
proceedings  thereat ;  said  commission  may,  if  it  deem  proper  so  to  do, 
employ  a  stenographer  to  take  and  transcribe  the  testimony  produced 
before  it  at  any  such  hearing;  and  said  commission  may  require  the 
persons  or  parties  presenting  to  it  any  such  petition  as  aforesaid  to 
pay  in  advance  or  assume  or  guarantee  to  pay  all  or  such  part  of  the 
costs,  charges,  and  expenses  to  he  made  or  incurred  by  reason  of  the 
filing  of  said  petition  and  subsequent  proceedings  to  be  had  there- 
upon or  thereunder,  as  said  commission  may  think  proper. 

12.  If,  after  such  hearing,  said  commission,  or  a  majority  thereof, 
shall  deem  it  advisable  to  comply  with  the  request  of  said  petition, 
and  that  a  district  for  the  purpose  or  purposes,  or  either  of  them 
therein  stated,  should  be  created  and  established,  said  commission 
shall  adopt  a  resolution  to  that  effect,  defining  the  limits  and  bound- 
aries of  such  district  with  certainty  and  declaring  the  territory 
included  within  such  limits  and  boundaries  to  be  a  sewerage  district, 
within  which  a  system  of  sewerage  and  drainage,  or  a  system  of 
sewage-disposal  works,  or  both,  may  be  constructed,  maintained,  and 
operated  under  the  provisions  of  this  act;  the  said  districts  shall  be 
called  and  known  as  '*  sewerage  districts,"  and  the  boards  to  con- 
struct, maintain,  and  operate  the  system  or  systems  of  sewerage  or 
sewage-disposal  works  within  such  districts  shall  be  chilled  and  known 
as  ''sewerage  boards:''  in  and  by  said  resolution,  said  commission 
shall  assign  to  the  district  therein  and  thereby  established  a  name 

and  number,  thus,  "'  Sewerage  district  number ,"  and  shall  also 

specify  the  name  by  which  the  board  thereafter  to  be  elected  in  sudi 
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district  shall  be  called  and  designated,  thus,  "  Sewerage  board  of  dis- 
trict number ,"  the  number  of  any  such  district  and  that  of  the 

sewerage  board  therein  to  be  always  the  same.  The  first  sewerage 
district  created  and  established  under  this  act  shall  be  "  Sewerage 
district  number  one,"  the  second  number  two,  and  so  on  in  regular 
order  as  the  same  may  be  respectively  created.  Said  commission 
shall  also  cause  a  map  to  be  prepared  of  said  district  so  created  and 
established,  whereon  and  whereby  shall  be  shown  with  accuracy  the 
limits  and  boundaries  of  such  district,  of  what  municipalities  the 
lands  included  in  said  district  form  a  part,  and  what  extent  or  quan- 
tity of  territory  of  each  municipality  (whether  the  whole  or  a  portion 
thereof)  is  included  in  said  district.  The  original  of  said  map  shall 
be  filed  with  said  commission,  and  within  ten  days  after  the  adoption 
of  said  resolution  a  copy  thereof  and  of  said  map  shall  be  filed  in 
the  office  of  the  secretary  of  state  and  in  the  clerk's  office  of  each 
county  in  which  any  of  the  lands  included  in  said  district  may  be 
situate ;  and  from  and  after  the  filing  of  such  resolution  and  maps  as 
aforesaid  the  territory  included  in  said  district  as  stated  and  shown 
in  and  by  said  resolution  and  map  shall  be  deemed  to  be  and  consti- 
tute a  sewerage  district  by  the  name  and  number  and  for  the  pur- 
poses stated  in  said  resolution. 

13.  The  members  of  the  several  sewerage  boards  shall  consist  of 
two  members  from  each  municipality,  in  whole  or  part,  within  the 
sewerage  district,  to  be  appointed  by  the  governing  body  of  each  of 
such  municipalities,  and  one  member  to  be  appointed  by  the  State 
sewerage  commission,  all  of  whom  shall  be  residents  of  the  district; 
provided  that  in  case  more  than  three  municipalities  shall  be  included 
in  whole  or  part  in  any  sewerage  district  there  shall  be  but  one  mem- 
ber from  each  municipality  in  addition  to  the  number  appointed  by 
the  State  sewerage  commission. 

14.  The  members  of  any  district  sewerage  board  first  appointed 
shall  meet  at  such  time  and  place  as  the  State  sewerage  commission 
shall  designate;  each  member  of  said  board  (and  all  members  thereof 
afterwards  appointed  thereto)  shall  take  and  subscribe  an  oath  or 
affirmation,  before  some  person  authorized  to  administer  the  same,  to 
faithfully  and  truly  perform  his  duty  as  member  of  such  board  to  the 
best  of  his  ability,  and  within  two  days  after  making  thereof  forward 
the  same  to  the  secretary  of  state;  said  board  when  met  as  aforesaid 
(the  members  thereof  having  each  made  and  subscribed  said  oath  or 
affirmation)  shall  organize  by  the  election  of  one  of  their  number  as 
chairman,  one  as  secretary,  and  one  as  treasurer ;  the  members  of  said 
board  shall  serve  for  the  term  of  three  years  each,  and  the  terms  of 
such  members  shall  commence  on  the  date  of  their  first  meeting  as 
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designated  by  the  State  sewerage  commission;  the  chairman,  secre- 
tary, and  treasurer  of  said  board  shall,  respectively,  serve  for  the 
period  of  one  year  and  until  their  successors  are  elected ;  a  certificate 
or  statement  of  such  meeting  and  organization  of  said  board  shall,  on 
the  day  of  such  meeting,  be  prepared  and  mailed  to  the  secretary  of 
state,  to  be  filed  in  his  office;  meetings  of  said  board  subsequent  to 
such  first  meeting  for  organization  shall  be  held  at  such  times  and 
places  as  the  board  may  decide  or  as  it  may  be  called  to  meet  by  the 
chairman. 

15.  From  and  after  such  meeting  and  organization  of  said  board 
and  the  filing  of  such  certificate  as  aforesaid,  said  board  shall  be 
deemed  to  be  and  shall  be  a  body  politic  and  corporate,  under  the 
same  name  and  title  as  that  designated  and  specified  in  the  resolution 
of  the  State  sewerage  commission  creating  and  defining  the  said  sew- 
erage district,  to  wit,  "  Sewerage  board  of  district  number ,"  and 

by  such  name  and  title  said  sewerage  board  shall  have  perpetual  suc- 
cession, with  power  to  sue  and  be  sued,  and  the  right,  power,  and 
authority  to  acquire,  hold,  use,  and  dispose  of  all  such  property,  real 
or  personal,  as  may  l>e  proper  or  necessary  for  the  objects,  uses,  and 
purposes  for  which  said  sewerage  board  was  created,  and  with  all 
other  powers  necessary  or  incident  to  bodies  politic  and  corporate  or 
that  may  be  necessary  or  proper  to  carry  out  and  effectuate  the  objects 
and  purpose.s  of  this  act  and  the  objects  and  purposes  for  which  said 
sewerage  board  was  created. 

16.  Any  such  board  incorporated  as  aforesaid  shall  have  full  |>ower 
and  authority  within  its  respective  district,  under  the  supervision, 
direction,  and  control  of  the  State  sewerage  conmiission  as  hereinbe- 
fore or  hereinafter  provided,  to  construct,  maintain,  and  operate  in 
said  district  a  system  of  sewerage  and  drainage,  or  of  sewage-dis- 
posal works,  or  both,  with  the  necessary  pipes,  drains,  conduits,  fix- 
tures, pumping  works,  and  other  appliances  for  the  purpose  of  taking 
up  sewage  and  all  other  offensive  and  deleterious  matter  and  con- 
vey the  same  to  some  proper  place  or  places  of  deposit  or  disposal  to 
be  selected  by  the  said  board,  there  to  be  deposited,  treated,  disin- 
fected, or  disposed  of  as  to  the  said  board  may  seem  proper  and  as 
may  be  deemed  most  advantageous;  and  it  shall  be  the  duty  of  all 
persons  and  all  corporate  bodies  and  municipalities  owning  or  con- 
trolling sewers  or  drains  or  having  charge  thereof  within  the  limits 
of  the  district  wherein  intercepting  or  main  sewers  have  been  or  may 
be  constructed  by  the  said  board  as  herein  provided,  to  cause  the  same 
to  be  connected  therewith ;  and  it  shall  be  the  duty  of  said  board  in 
constructing  such  main  or  intercepting  sewers  to  have  them  so  con- 
structed that  such  connection  can  be  made  therewith  at  all  necessary 
and  proper  points  and  places;  all  such  connections  shall  be  made  in 
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accordance  with  the  rules  and  regulations  from  time  to  time  adopted 
by  the  said  board  in  relation  thereto,  and  under  the  direction  and 
soperrision  of  its  officers  and  agents. 

17.  The  said  board  shall  have  power  and  authority  to  purchase  and 
acquire  all  lands,  rights,  or  interest  in  lands  which  may  be  deemed 
necessary  for  the  construction  of  sewers,  drains,  disposal  pumping, 
and  other  works  authorized  by  this  act;  and  if  in  any  case  the  said 
board  shall  be  unable  to  agree  with  the  owner  or  owners  of  any  lands, 
rights,  or  interests  in  lands  deemed  necessary  by  the  said  board  in  the 
construction  of  the  works  herein  authorized,  or  when,  by  reason  of 
the  legal  incapacity  or  absence  of  such  owner  or  owners,  no  agree- 
ment can  be  made  for  the  purchase  thereof,  the  lands  or  rights  in 
lands  so  desired  shall  be  acquired  in  the  manner  provided  by  the 
general  laws  of  this  State  relating  to  the  condemnation  of  lands  for 
public  use. 

18.  Before  determining  upon  the  final  plan  or  route  for  the  build- 
ing or  construction  of  any  work  authorized  by  this  act,  the  said  board 
may,  by  its  officers,  agents,  servants,  and  employes,  enter  at  all  times 
upon  any  lands  or  waters  for  the  purpose  of  exploring,  surveying, 
leveling,  and  laying  out  the  route  of  any  drain  or  sewer,  locating 
any  disposal,  pumping,  or  other  works,  establishing  grades  and  doing 
all  necessary  preliminary  work,  doing,  however,  no  unnecessary  dam- 
age or  injury  to  private  or  other  property. 

19.  The  said  board  shall  have  power  and  authority  to  construct  any 
sewer  or  drain,  by  it  to  be  made  or  constructed  under  or  over  any 
water  course,  under,  over,  or  across,  or  along  any  street,  turnpike, 
road,  railroad,  highway  or  other  way,  and  in  or  upon  private  or  pub- 
lic lands  under  water,  in  such  way  and  manner,  however,  as  not 
unnecessarily  to  obstruct  or  impede  travel  or  navigation,  and  may 
enter  upon  and  dig  up  any  road,  street,  highway,  or  private  or  public 
land,  for  the  purpose  of  laying  down  sewers  and  drains  upon  or 
beneath  the  surface  thereof,  and  for  maintaining  and  repairing  the 
same,  and  in  general  may  do  all  other  acts  and  things  necessary,  con- 
venient, and  proper  for  the  purposes  of  this  act;  and  whenever  the 
said  board  shall  dig  up  any  road,  street,  or  way,  as  aforesaid,  it  shall, 
as  far  as  practicable,  restore  the  same  to  as  good  condition  and  order 
as  the  same  was  when  such  digging  commenced. 

20.  The  said  board  shall  have  power  and  authority  also  to  alter  or 
change  the  course  or  direction  of  any  water  course,  and,  with  the  con- 
sent of  the  board  or  body  having  control  of  the  streets  and  highways 
in  any  city,  town,  or  municipality,  to  alter  or  change  the  location  or 
grade  of  any  highway,  public  street,  or  way  crossed  by  any  sewer  or 
drain  constructed  or  to  be  constructed  under  the  provisions  of  this 
act,  or  in  which  such  sewers  or  drains  may  be  located. 
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21.  The  said  board  shall  at  all  times  keep  full  and  accurate  accounts 
of  its  receipts,  expenditures,  disbursements,  assets,  and  liabiliti^ 
and  shall  annually  make  a  report  of  its  operations  and  doings,  in 
which  report  it  shall  include  an  abstract  of  such  receipts,  expendi- 
tures, disbursements,  assets,  and  liabilities,  and  publish  the  same  in 
one  or  more  newspapers,  published  in  each  of  the  counties  in  said 
district. 

22.  To  provide  for  the  payment  of  the  costs  and  expenses  incurred 
or  to  be  incurred  by  the  said  board  in  making  the  constructions  and 
executing  the  work  and  performing  the  duties  imposed  upon  it  by 
this  act,  it  shall  have  power  and  authority  from  time  to  time  to  issue 
bonds  in  its  corporate  name,  not  to  exceed  in  amount  such  costs  and 
expenses,  and  not  to  exceed  that  part  of  such  cost  and  expense 
incurred  in  the  work  of  constructing  sewers,  drains,  disposal,  and 
other  works,  including  the  cost  of  lands,  rights  and  interests  in  lands, 
of  which  a  separate  account  is  to  be  kept  by  said  board  as  hereinafter 
provided ;  such  bonds  shall  be  of  the  form  and  payable  at  such  time, 
not  exceeding  thirty  years  from  the  date  thereof,  and  at  such  place, 
either  in  currency  or  coin,  as  the  said  board  may  determine ;  they  shall 
bear  interest  at  a  rate  not  exceeding  five  per  centum  per  annum;  in 
issuing  such  bonds  the  said  board  may,  in  its  discretion,  make  the 
same  or  any  part  thereof,  fall  due  at  stated  periods  less  than  thirty 
years,  or  may  reserve  therein  an  option  to  redeem  and  pay  the  same  or 
any  part  thereof  at  stated  periods  at  any  time  between  the  date  thereof 
and  the  date  at  which  they  would  otherwise  fall  due,  and  all  such 
bonds  may  be  negotiated,  sold,  or  disposed  of  at  not  less  than  their 
par  value,  and  the  same  or  the  proceeds  thereof  may  be  used  by  the 
said  board  for  the  purpose  aforesaid. 

23.  The  said  board  shall  keep  the  costs  and  expenses  of  the  con- 
struction of  sewers,  drains,  disposal  and  other  works,  in  which  shall 
be  included  the  cost  of  lands,  rights,  and  interests  in  lands,  separate 
from  the  costs  and  expenses  of  maintenance,  operation,  and  repairs, 
and  shall,  after  having  prepared  and  adopted  plans  (which,  however, 
the  board  or  the  State  sewerage  commission  shall  have  the  power  to 
change  or  modify,  if  such  change  or  modification  shall  be  found  neces- 
sary or  desirable),  make  a  careful  estimate  of  the  cost  and  expense  of 
such  construction,  and. shall  divide  and  apportion  the  same,  accord- 
ing to  their  best  judgment,  to  and  between  the  several  municipalities 
or  parts  thereof  (if  any)  included  within  such  sewerage  districts  rat- 
ably and  proportionally  to  the  benefits  received  or  to  be  received  by 
such  municipalities  or  parts  thereof  from  such  construction,  and  shall 
furnish  to  the  governing  body  of  each  and  every  municipality  the 
whole  or  any  part  whereof  is  included  in  such  sewerage  district,  a 
statement  of  such  estimated  cost  and  expense  and  of  the  division  and 
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apportionment  thereof  as  aforesaid,  and  service  of  said  statement 
upon  the  mayor  or  other  chief  executive  oflScer  or  upon  the  clerk  of 
any  such  municipality  shall  be  deemed  to  be  a  service  upon  the  munici- 
pality; if  the  governing  body  of  any  such  municipality  (whether  a 
whole  or  only  a  part  thereof  is  included  in  such  sewerage  district) 
shall  be  dissatisfied  with  such  division  and  apportionment  and  shall 
within  twenty  days  after  service  thereof  as  aforesaid  express  such  dis- 
satisfaction by  a  resolution  adopted  by  a  majority  of  such  body,  then 
it  shall  be  lawful  for  such  body,  in  the  corporate  name  of  such  munic- 
ipality, to  make  application  to  any  justice  of  the  supreme  court  of 
this  State  for  the  appointment  of  three  disinterested  persons,  residents 
of  this  State,  commission  to  review  such  division  and  apportion- 
ment, and  correct,  amend,  revise,  alter,  or  confirm  the  same,  as  they 
or  a  majority  of  them  shall  deem  just  and  proper,  and  it  shall  be  the 
duty  of  said  justice  to  make  such  appointment;  the  commissioners  so 
appointed  (having  respectively  taken  and  subscribed  an  oath  or  affir- 
mation before  some  person  authorized  to  administer  the  same  faith- 
fully and  impartially  to  perform  the  duties  imposed  upon  them  by"), 
shall  forthwith,  at  such  time  and  place  as  they  or  a  majority  of  them 
may  appoint,  and  upon  such  notice  as  the  said  justice  in  the  order 
appointing  said  commissioners  shall  direct  to  be  given,  hear  the  par- 
ties interested  in  said  matter  and  such  proofs  and  witnesses  as  may 
be  produced  before  them ;  said  commissioners  may  adjourn  said  hear- 
ing from  time  to  time  as  occasion  may  require;  on  any  such  hearing 
the  parties,  if  they  so  choose,  may  be  represented  by  counsel,  and  the 
witnesses  may  be  examined  under  oath  or  affirmation,  which  any  of 
said  commissioners  are  hereby  authorized  to  administer;  said  com- 
missioners may  designate  one  of  their  number  to  act  as  chairman  and 
one  to  act  as  clerk  or  secretary;  at  the  conclusion  of  such  hearing, 
and  within  ten  days  thereafter,  said  commissioners,  or  a  majority  of 
them,  shall  correct,  amend,  revise,  alter,  or  confirm  such  division  and 
apportionment  as  they  or  a  majority  of  them  shall  deem  just  and 
proper  under  the  evidence  and  proofs  produced  before  them  and  shall 
make  and  sign  a  statement  or  certificate  thereof,  which  statement  or 
certificate  shall  be  final  and  conclusive  and  binding  upon  all  parties ; 
the  application  for  the  appointment  of  such  commissioners,  the  order 
of  the  justice  appointing  them,  the  oath  or  affirmation  of  said  com- 
missioners, and  their  said  statement  or  certificate  shall,  within  two 
days  after  the  making  of  such  statement  or  certificate,  be  filed  with 
the  secretary  of  the  sewerage  board  which  made  the  division  or  appor- 
tionment reviewed  by  said  commissioners ;  and  such  sewerage  board, 
within  five  days  after  the  filing  of  such  statement  or  certificate  as 
aforesaid,  shall  cause  a  certified  copy  thereof  to  be  served  in  manner 

a  Bo  in  original. 
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aforesaid  upon  each  of  the  municipalities  that  the  original  division 
and  apportionment  made  by  said  sewerage  board  was  served  upon, 
which  certified  copy  so  servexl  shall  be  in  lieu  and  stead  of  that  orig- 
inally served  and  (as  aforesaid)  be  final  and  conchisiv«  «iid  faindiag 
upon  all  parties;  if,  in  any  case,  where  only  a  part  of  a  municipality 
is  included  in  a  sewerage  district,  the  governing  body  of  such  munic- 
ipality shall  not  within  said  twenty  days  after  service  upon  it  of  any 
such  original  statement  as  aforesaid  adopt  a  resolution  expressing  its 
dissatisfaction  as  aforesaid  provided,  then,  and  in  every  such  case,  it 
shall  and  may  be  lawful  for  one  or  more  of  the  residents  and  tax- 
payers, or  residents  and  nonresident  taxpayers  of  said  sewerage  dis- 
trict, to  join  in  such  application  as  aforesaid  to  any  justice  of  the 
supreme  court  for  the  appointment  of  commissioners  to  review,  as 
aforesaid,  the  said  division  and  apportionment,  and  thereupon  the 
said"  just  ice  may,  in  his  discretion,  appoint  such  commissioners,  and  if 
such  appointment  be  made,  said  commissioners  shall  proceed  in  the 
same  manner,  and  the  proceedings  before  them  had  shall  be  similar 
to  those  hereinbefore  provided,  and  the  statement  or  certificate  of 
said  commissioners  made  upon  any  such  last-mentioned  application 
shall  be  final  and  conclusive  and  binding  upon  all  parties. 

24.  The  said  sewerage  board  shall  also,  in  the  manner  hereinbefore 
directed,  serve  upon  or  furnish  to  each  of  said  municipalities  after 
every  issue  and  sale  of  bonds  a  statement  of  the  amount  of  such 
bonds  and  the  date  of  interest  thereon  and  the  proportion  thereof 
allotted  to  each  municipality  (where  such  municipality  is  entirely 
within  the  sewerage  district)  or  (where  only  a  part  of  the  municipal- 
ity is  included  in  the  sewerage  district)  of  the  proportion  of  such 
division  and  apportionment  allotted  to  the  part  of  the  municipality 
in  said  sewerage  district;  and  it  shall  be  the  duty  of  each  of  said 
municipalities,  and  of  its  proper  oflScers,  in  the  next  annual  tax  levy 
made  in  such  municipality  and  in  each  succeeding  year  thereafter  to 
include  and  raise  by  taxation  the  amount  required  to  pay  the  inter- 
est on  the  proportion  of  such  bonded  indebtedness  allotted  to  such 
municipality  or  part  thereof,  as  the  case  may  be,  and  if  such  munici- 
pality be  entirely  within  such  sewerage  district  then  it  shall  be  the 
duty  of  such  municipalitie^s  to  cause  to  be  levied  and  assessed  therein 
a  sum  equal  to  the  amount  of  interest  so  apportioned  and  allotted  to 
such  municipality  together  with  such  additional  sum,  to  be  divided 
and  apportioned  and  allotted  to  and  between  said  mimicipalities  or 
parts  thereof  as  aforesaid  as  may  be  necessary  to  establish  and  main- 
tain a  sinking  fund  sufficient  to  pay  the  principal  of  the  bonds  issued 
l)y  the  said  sewerage  board  under  authority  of  this  act  when  the  same 
fall  due.  If  only  a  part  of  the  municipality  be  included  in  the  sew- 
erage district,  then  it  shall  be  the  duty  of  such  municipality  and  its 
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proper  oflScers,  instead  of  levying  and  assessing  the  same  upon  the 
whole  municipality,  to  cause,  in  manner  aforesaid,  the  sum  or  sums 
that  may,  as  aforesaid,  be  apportioned  and  allotted  to  such  part  of 
the  municipality  as  is  included  in  the  sewerage  district  to  be  levied 
and  assessed  in  and  upon  such  part  of  the  municipality  as  is  included 
in  the  sewerage  district,  in  the  same  manner  as  other  taxes  may  be 
levied  and  assessed  therein;  and  it  shall  be  the  duty  of  all  taxing 
officers  and  all  collecting  officers  in  the  said  municipalities  to  levy, 
assess,  and  collect  the  said  amount  or  sums  so  to  be  raised  in  such 
municipalities  or  parts  thereof,  as  the  case  may  be ;  and  it  shall  also 
be  the  duty  of  the  collector  of  taxes  in  each  of  the  said  municipali- 
ties, or  other  proper  officer,  to  pay  to  the  sewerage  board  thereunto 
entitled  the  money  so  levied,  assessed,  and  collected.  After  each 
census,  State  or  national,  a  new  allotment  shall  be  made  of  the  sink- 
ing fund  or  redemption  fund  in  the  manner  herein  provided. 

25.  As  soon  as  the  work  of  construction  by  this  act  authorized  (or 
the  cost  and  expense  of  which  a  preliminary  estimate  shall  have  been 
made  as  herein  provided)  has  been  completed  the  said  board  shall 
proceed  at  once  to  ascertain  the  actual  cost  and  expense  of  such  work, 
and  shall  furnish  to  each  of  the  said  municipalities  or  municipal 
divisions  a  statement  of  such  cost  and  expense. 

26.  The  cost  of  maintenance,  operation,  and  repairs,  together  with 
the  cost  of  supervision,  and  all  other  expenses  of  every  kind  not 
included  in  the  cost  and  expense  of  construction,  shall  be  annually 
estimated  by  the  said  board  and  divided  and  apportioned  between  the 
said  several  municipalities  or  parts  thereof  upon  the  same  basis  as 
herein  provided  for  the  division  of  the  cost  and  expense  of  construc- 
tion; and  that  the  same,  when  so  divided  and  apportioned,  shall  be 
levied,  assessed,  collected,  and  paid  annually  in  the  same  manner  pro- 
vided for  the  levying,  assessment,  and  collection  of  the  cost  and 
expense  of  construction :  Provided^  however^  That  if  at  the  end  of  any 
year  when  such  cost  and  expense  shall  have  been  accurately  ascer- 
tained such  estimate  shall  be  found  to  have  been  more  or  less  than  the 
proper  proportion  of  any  such  municipality,  then  the  surplus  or  defi- 
ciency, as  the  case  may  be,  shall  be  deducted  from  or  added  to  the 
sum  to  be  levied,  assessed,  and  collected  for  the  succeeding  year. 

27.  The  said  board  shall,  immediately  after  receiving  from  the  said 
municipalities,  or  either  of  them,  or  from  the  collector  or  treasurer 
of  any  such  municipality,  any  moneys  on  account  of  the  apportion- 
ment made,  as  hereinbefore  provided,  or  as  soon  thereafter  as  prac- 
ticable, cause  the  same  to  be  invested  in  securities,  the  character  of 
which  shall  be  the  same  as  required  by  law  for  savings  banks  of  this 
State,  except  so  much  thereof  as  may  be  required  to  pay  interest  due 
or  to  fall  due  during  the  current  year ;  and  all  such  funds,  and  the 
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securities  in  which  the  same  or  any  part  thereof  shall  be  invested, 
and  the  interest  received  therefrom,  shall  be  held,  used,  and  applied 
by  the  said  board  as  a  sinking  fund  to  meet  and  pay  the  interest  and 
principal  on  the  bonds  issued  by  the  said  board  under  the  authority 
of  this  act,  and  for  no  other  purpose  whatever,  until  all  such  bonds 
and  all  arrears  of  interest  thereon  are  fully  paid.  It  shall  be  the 
duty  of  said  sewerage  board  to  include  in  its  annual  report  the  amount 
of  money  received  by  it  for  the  purposes  aforesaid,  the  sources  from 
which  such  money  was  received,  and  the  investment  of  the  same ;  and 
the  said  board  shall  keep  a  record  and  account  of  all  bonds  issued 
by  it,  when  the  same  fall  due,  the  time  and  place  of  payment,  and 
the  rate  of  interest  thereon,  and  of  the  amount  received  on  the  sale 
or  disposition  thereof,  and  shall  also  keep  an  account  of  all  moneys 
invested,  held,  and  used  as  a  sinking  fund,  and  of  the  securities  in 
which  the  same  may  be  invested.  The  books,  records,  accounts, 
papers,  and  documents  of  the  said  board  shall  be  open  to  the  inspec- 
tion of  any  person  appointed  by  the  governing  body  of  any  munici- 
pality within  said  district  to  inspect  the  same:  Proinded^  however^ 
That  in  case  the  said  board  shall  issue  bonds  which  shall  fall  due  and 
beconae  payable  at  stated  periods  less  than  thirty  years,  or  shall  retain 
in  any  such  issue  the  option  to  redeem  bonds  prior  to  the  date  at  which 
they  would  otherwise  fall  due  as  hereinbefore  provided,  then  it  shall 
be  lawful  for  the  said  board  to  make  application  of  the  moneys 
received  by  it  from  the  several  municipalities  and  of  the  funds  tem- 
porarily invested  by  the  said  board  so  received  for  the  purpose  of  pay- 
ing off  and  discharging  the  said  obligations  according  to  their  tenor 
and  effect. 

28.  During  the  year  preceding  the  year  in  which  the  bonds  issued 
under  the  authority  of  this  act  shall  fall  due  the  said  board  shall 
cause  a  careful  computation  to  be  made  of  the  moneys  that  will  be 
available  for  the  payment  of  the  same,  and  if  it  shall  be  found  that 
any  deficiency  will  exist  in  the  fund  that  will  be  available  therefor, 
after  the  application  of  moneys  received  and  the  use  of  all  securities 
held,  such  deficiency  shall  be  apportioned  and  allotted  to  the  said 
municipalities  in  the  same  manner  and  upon  the  same  basis  as  the 
original  apportionment,  and  shall  be  added  to  the  amount  so  levied, 
assessed,  collected,  and  paid  by  the  said  municipalities,  respectively, 
in  the  succeeding  year;  and  if  any  excess  shall  be  found  to  exist  in 
such  fund  the  surplus  shall  be  credited  to  each  of  the  said  munici- 
palities in  the  same  proportion  and  deducted  from  future  estimates 
of  the  respective  shares  or  proportions  of  such  municipalities  of  the 
cost  and  expense  of  maintenance,  operation,  and  repairs. 

29.  In  and  about  the  performance  and  discharge  of  the  duties 
imposed  upon  it  by  this  act  any  such  sewerage  board  as  aforesaid, 
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or  a  majority  thereof,  may  employ  such  experts,  engineers,  contract- 
ors, officers,  agents,  employes,  clerks,  workmen,  and  servants  as  it 
may  deem  necessary  or  proper  to  enable  it  to  perform  its  duties  and 
carry  out  the  objects  and  purposes  of  this  act;  and  said  board,  or  a 
majority  thereof,  may  fix  and  determine  the  duties  and  compensa- 
tion of  such  experts,  engineers,  contractors,  officers,  agents,  employees, 
clerks,  workmen,  and  servants,  and  remove  or  discharge  the  same, 
or  any  of  them,  at  pleasure. 

30.  The  secretary  of  any  such  sewerage  board  shall  keep  a  record 
of  all  the  proceedings  and  transactions  of  said  board ;  under  the  direc- 
tion of  said  board  he  shall  prepare  the  estimate,  division,  and  appor- 
tionment provided  for  in  section  twenty-six  hereof;  he  shall  prepare 
the  annual  report  of  said  board  and  perform  such  other  duties  as  the 
board  may  from  time  to  time  require.  The  secretary  shall  receive  an 
annual  salary,  to  be  fixed  by  the  board,  or  a  majority  thereof,  but  he 
shall  not  receive  any  per  diem  allowance. 

31.  The  treasurer  of  any  such  sewerage  board  shall  have  charge  and 
custody  of  all  moneys  and  securities  received  or  owned  or  held  by  said 
board ;  he  shall  keep  accurate  record  and  account  of  the  receipt,  dis- 
bursement, and  disj)osition  of  all  such  moneys  and  securities,  and 
invest,  deposit,  dispose  of,  disburse,  and  pay  out  the  same  at  such 
times  and  in  such  manner  as  the  board  may  direct,  and  under  such 
rules  and  regulations  as  it  may  from  time  to  time  establish.  The 
treasurer  shall  give  bond  to  such  board  for  the  due  and  faithful  per- 
formance of  his  duties  as  such  treasurer  in  such  sum  and  with  such 
sureties  as  the  board,  or  a  majority  thereof,  may  require.  The  treas- 
urer shall  receive  an  annual  salary,  to  be  fixed  and  determined  by  the 
board,  or  a  majority  thereof,  but  he  shall  not  receive  any  per  diem 
allowance. 

32.  The  members  of  any  such  board,  except  the  secretary  and  treas- 
urer thereof,  when  actually  engaged  in  and  about  the  business  of  said 
board,  shall  receive  a  per  diem  compensation  of  five  dollars;  said  per 
diem  compensation,  and  the  salaries  to  be  paid  the  secretary  and  treas- 
urer, shall  be  included  in  said  estimate  hereinbefore  mentioned. 

33.  Any  such  sewerage  board  is  authorized  and  empowered  to  rent 
an  office  or  offices  as  may  be  required  for  the  due  transaction  and 
carrying  out  of  its  work  and  duties,  and  to  properly  equip  and  fur- 
nish such  office  or  offices,  the  expense  thereof  to  be  included  in  said 
estimate  mentioned  in  section  twenty-six  hereof. 

34'.  This  act  shall  take  effect  immediately. 
Approved  March  24, 1890. 
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[Laws  of  1902«  p.  195,  chap.  49.  j 

AN  ACT  authorizing  the  appointment  and  defining  the  powers  and  duties  of 
commissioners  in  sewage  and  drainage  districts  created  for  the  purpose  of 
relieving  the  streams  and  rivers  therein  from  pollution,  and  to  provide  a  plan 
for  the  prevention  thereof,  and  providing  for  the  raising,  expenditure,  and 
payment  of  moneys  necessary  for  this  purpose. 

Re  it  enacted  hy  the  senate  and  general  assembly  of  the  State  of 
New  Jersey: 

1.  Upon  the  creation  and  incorporation  by  the  legislature  of  any 
sewerage  and  drainage  district  for  the  purpose  mentioned  in  the  title 
of  this  act  it  shall  be  the  duty  of  the  governor  of  this  State  forthwith 
to  appoint  therein  and  therefor  five  able  and  discreet  men,  residents 
within  such  district  (having  regard  in  making  such  appointments  to 
locality,  so  that  each  section  of  the  district  may  be  represented,  as 
far  as  practicable),  who,  when  so  appointed,  commissioned,  and 
sworn,  shall  constitute  a  board  of  commissioners,  to  be  known  as  the 

district  sewerage  and  drainage  commissioners  (inserting  in 

each  case  in  the  blank  space  the  name  of  the  district  designated  in 
the  act  of  incorporation),  and  the  persons  so  appointed  shall  receive 
as  compensation  for  their  services  an  annual  salary  of  twenty-five 
hundred  dollars,  payable  in  equal  monthly  installments.  In  making 
the  first  appointments  under  this  act  the  members  of  the  said  board 
shall  be  appointed  as  follows :  One  for  a  term  of  one  year,  one  for  a 
term  of  two  years,  one  for  a  term  of  three  years,  one  for  a  term  of 
four  years,  and  one  for  a  term  of  five  years,  and  thereafter  one  shall 
be  appointed  each  year  for  a  term  of  five  years.  Any  vacancy  occur- 
ring in  the  said  board  by  death,  resignation,  or  otherwise,  shall  be 
filled  in  the  same  manner  as  the  original  appointment  for  the  balance 
of  the  term.  Each  of  the  said  commissioners  so  appointed  ^hall, 
before  they  enter  upon  the  duties  of  their  office,  take  and  subscribe  an 
oath  that  they  will  faithfully  and  impartially  execute  and  perform 
the  duties  imposed  upon  them  by  law,  and  cause  the  same  to  be  filed  in 
the  office  of  the  secretary  of  state  of  this  State.  The  governor  of  this 
State  shall  have  power  to  remove  such  commissioners  from  office  for 
cause  during  their  term  of  office  and,  upon  removal,  to  fill  the  vacancy 
thus  occasioned  for  the  unexpired  term  in  the  manner  herein  pro- 
vided for  filling  vacancies. 

2.  The  said  board  shall,  as  soon  as  may  be  after  appointment,  and 
annually  thereafter  on  the  first  Tuesday  in  May  in  each  year,  organize 
by  the  choice  of  one  of  its  members  as  chairman,  and  may  elect  a 
clerk,  who  may  or  may  not  be  a  member  of  the  said  board,  and  may 
from  time  to  time  appoint  such  agents,  officers,  and  servants  and 
employ  such  engineers  and  assistants  as  it  may  deem  necessary  to 
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carry  out  the  purposes  of  this  act,  and  may  determine  their  duties 
and  compensation  and  remove  the  same  at  its  pleasure. 

3.  Hie  said  board  of  commis^Qers,  wh^i  duly  organized,  shall  be 
deemed  to  be  and  shall  become  a  body  corporate,  with  power  to  sue 
and  be  sued  and  with  the  right  to  acquire,  hold,  use,  and  dispose  of 
all  such  property  as  may  be  necessary  for  the  uses  and  purposes  for 
which  the  said  board  was  created  and  with  all  other  necessary  powers 
incident  to  corporate  bodies. 

4:  When  duly  organized,  the  said  commissioners  shall  at  once,  with 
the  aid  and  assistance  of  such  engineers  and  other  agents  as  they  may 
deem  proper,  proceed  to  investigate  methods  and  plans  for  relieving 
the  streams  and  rivers  within  the  said  district  from  pollution  and  for 
preventing  the  pollution  of  the  same,  and  to  determine  the  apportion- 
ment of  the  capacity  of  sewer  provided  for  each  municipality  in  any 
intercepting  sewer,  sewers,  or  disposal  works:  Provided^  That  before 
a  final  determination  as  to  the  plan  or  method  to  be  adopted  for  the 
purpose,  an  opportunity  shall  be  given  the  governing  body  of  each 
municipality  to  be  heard  in  relation  thereto,  and  after  .said  iMaring, 
as  soon  as  the  said  nnnimiinMwnrR  iicnre  adopted  a  plan  or  method  for 
dtts^fmrpooe,  they  shall  report  the  same  to  the  respective  municipal- 
ities of  the  district  and  to  the  legislature  of  this  State,  together  with 
a  bill  providing  therefor  and  for  the  expenses  thereof. 

5.  Before  determining  upon  the  final  plan  or  route  for  the  building 
or  construction  of  any  work  investigated  under  this  act  the  said 
board  may,  by  its  oflScers,  agents,  servants,  and  employees,  enter  at  all 
times  upon  any  lands  or  waters  for  the  purpose  of  exploring,  survey- 
ing, leveling,  and  laying  out  the  route  of  any  drain  or  sewer,  locating 
any  disposal,  pumping,  or  other  works,  establishing  grades,  and  doing 
all  necessary  preliminary  work  in  the  way  of  designating  locations, 
doing,  how^ever,  no  unnecessary  damage  or  injury  to  private  or  other 
property. 

6.  The  said  board  shall  at  all  times  keep  full  and  accurate  account 
of  its  receipts  and  expenditures,  disbursements,  assets,  and  liabilities, 
and  shall  annually  cause  a  detailed  statement  thereof  to  be  published 
in  one  or  more  newspapers  published  or  circulating  in  the  respective 
municipalities  in  said  district. 

7.  To  provide  for  the  payment  of  the  cost  and  expense  incurred  or 
to  be  incurred  by  the  said  board  in  investigating  and  performing  the 
duties  imposed  upon  it  by  this  act,  one-half  of  said  cost  of  "  expense 
shall  be  paid  out  of  the  State  treasury  on  certificate  of  the  governor 
to  the  comptroller,  who  shall  draw  his  warrant  on  the  State  treasurer 
in  favor  of  the  said  board  for  the  amount  thereof,  the  same  to  be 

'^So  in  original. 
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ascertained  on  a  duly  verified  statement  of  such  expenses  being  filed 
with  the  governor  and  in  the  oflSce  of  the  secretary  of  state ;  as  to  the 
balance  of  the  said  costs  and  expense  incurred  or  to  be  incurred 
under  this  act,  the  said  board  shall  have  power  and  authority : 

I.  To  issue  from  time  to  time,  for  the  said  one-half  of  tb<?<50sts  and 
expenses,  temporary  certificate's,  to  run  for  a  period  not  to  exceed 
two  years,  the  aggregate  issue  of  said  certificates  not  to  exceed  the 
sum  of  twenty -five  thousand  dollars;  such  certificates,  when  issued, 
shall  be  deemed  and  considered  the  indebtedness  of  the  sewerage*  and 
drainage  district,  and  shall  constitute  a  charge  upon  persons  and 
property  therein,  and  shall  be  retired  and  paid  in  the  manner  herein- 
after provided. 

II.  The  said  board  shall  have  power  and  authority  to  order  and 
cause  a  tax  to  be  levied,  assessed,  and  collected  upon  persons  and  prop- 
erty within  the  said  sewerage  and  drainage  district,  the  proceeds  of 
which  to  be  used  in  payment  of  the  said  certificates  and  the  interest 
due  and  to  grow  thereon;  the  amount  to  be  assessed  and  collected 
in  the  respective  municipalities  composing  such  districts  shall  be 
determined  by  the  said  board,  and  shall  be  apportioned  according  to 
the  taxable  ratables  of  the  last  preceding  year  as  returned  by  the 
taxing  oflScers  in  said  district,  and  a  certificate  by  the  said  board 
shall  be  filed  with  the  taxing  officers  of  such  municipalitias  compos- 
ing the  said  sewerage  district,  and  it  shall  be  the  duty  of  the  taxing 
oflScers  within  the  said  municipalities  included  in  the  said  sewerage 
and  drainage  district,  to  levy,  assess,  and  collect  and  pay  over  to  the 
said  commissioners  any  tax  ordered  by  them  to  be  assessed  by  virtue 
of  the  provisions  of  this  act. 

8.  It  shall  be  the  duty  of  the  said  board  annually  to  make  and  file 
with  the  secretary  of  state  of  this  State  a  report  showing  the  amount 
of  money  received  by  it  for  the  purposes  aforesaid,  sources  from 
which  money  was  received,  and  the  expenditure  of  the  same;  and  it 
j?hall  be  the  duty  of  the  said  board  to  keep  an  account  of  all  certifi- 
cates issued  by  it,  when  the  same  fall  due,  the  time  and  place  of  pay- 
ment, the  rate  of  interest  thereon,  and  of  the  amount  received  on  the 
sale  or  disposition  thereof;  and  the  books,  records,  accounts,  papers, 
and  documents  of  the  said  board  shall  be  open  for  the  inspection  of 
the  governor  of  this  State,  or  any  person  or  persons  whom  he  may 
appoint  to  inspect  the  same. 

9.  For  the  purpose  of  carrying  out  the  provisions  of  this  act  with 
dispatch  the  sum  of  twenty-five  thousand  dollars  is  hereby  appropri- 
ated by  the  State  out  of  any  moneys  now  in  the  State  treasury  not 
otherwise  appropriated,  and  the  governor  is  hereby  authorized  and 
empowered  to  give  an  order  on  the  comptroller  for  advanced  pay- 
ments to  the  said  board  on  account  of  the  State's  share  of  such  ex- 
penses to  be  incurred. 
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10.  When  the  said  board  of  commissioners  are  appointed  and 
organized  mider  this  act  it  shall  have  absolute  control  of  and  supervi- 
sion over  the  prevention  of  pollution  throughout  the  said  sewerage  or 
drainage  district  for  which  the  said  commissioners  were  appointed, 
exclusive  of  any  other  body  or  board  in  this  State  now  having  control 
of  the  same:  Provided^  however^  That  nothing  herein  contained  shall 
in  any  way  affect  or  delay  or  interfere  with  any  action  or  proceedings 
which  may  have  heretofore  been  taken  by  the  State  sewerage  commis- 
sion for  the  purpose  of  preventing  pollution  in  said  sewerage  district, 
or  that  may  hereafter  be  taken  by  said  State  sewerage  commission  for 
the  enforcement  thereof. 

11.  All  acts  or  parts  of  acts  inconsistent  with  the  provisions  of  this 
act  be,  and  the  same  are  hereby,  repealed,  and  this  act  shall  take  effect 
immediately. 

Approved  March  27,  1902. 

[Act  passed  by  the  special  session  of  tlie  legrislature  convened  April  21,  1903.     Laws  of 

1903.  p.  777.] 

AN  ACT  to  relieve  from  pollution  the  rivers  and  streams  within  the  Passaic 
VaHey  sewerage  district,  established  and  defined  by  an  act  of  the  legislature 
entitled  "An  act  to  create  a  sewerage  district  to  be  called  the  Passaic  Valley 
sewerage  district,"  approved  March  twenty-seventh,  one  thousand  nine  hun- 
dred and  two,  and  for  this  purpose  establishing  therefor  a  district  board  of 
commissioners,  defining  its  powers  and  duties,  and  providing  for  the  appoint- 
ment, terms  of  oflSee,  duties,  and  compensation  of  luch  commissioners,  and 
further  providing  for  the  raising,  collecting,  and  expenditure  of  the  necessary 
moneys. 

Whereas  the  legislature  of  this  State  has  created  and  defined  a  sew- 
erage district,  embracing  a  large  number  of  miinicipalities  and  parts 
of  municipalities,  in  the  counties  of  Passaic,  Bergen,  Hudson,  and 
Essex,  under  the  name  of  the  Passaic  Valley  sewerage  district ;  and 

Whereas  the  Passaic  River  and  many  streams  flowing  into  it  within 
said  sewerage  district  are  polluted  by  sewage  and  other  deleterious 
matter  to  the  extent  that  the  health  of  the  people  residing  in  said 
district  is  seriously  endangered ;  and 

Whereas  immediate  relief  therefrom  is  imperative;  and 

Whereas  the  governor  of  this  State,  by  sanction  of  the  legislature, 
has  appointed  five  commissioners  for  said  district  with  power,  among 
other  things,  to  investigate  methods  and  plans  for  relieving  the 
streams  and  rivers  within  said  district  from  pollution,  and  for  pre- 
venting the  pollution  of  the  same ;  and 

Whereas  said  commissioners  have  adopted  an  effectual  plan  or 
method  for  relieving  the  streams  and  rivers  within  said  district  from 
pollution,  and  for  preventing  the  pollution  of  the  same,  and  have 
reported  said  plan  or  method  to  the  legislature ;  and 

Whereas  in  order  to  carry  into  effect  such  plan  or  method,  with 
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such  modifications  or  additions  thereto  as  shall  hereafter  be  approved 
by  said  commissioners,  it  is  necessary  that  former  and  greater  pvmx 
be  given  to  said  commissioners : 

Be  it  enacted  by  the  senate  and  general  assembly  of  the  State  of 
New  Jersey: 

1.  The  commissioners  heretofore  appointed  by  the  governor  of  this 
State  in  and  for  the  Passaic  Valley  sewerage  district  shall  continue 
in  their  respective  offices  for  the  terms  for  which  they  were  severally 
appointed,  and  said  terms  are  hereby  extended  to  the  first  Tuesday 
of  May  succeeding  the  date  when  their  terms  under  said  appointments 
would  respectively  expire;  and  hereafter  one  commissioner  shall  be 
appointed  by  the  governor,  by  and  with  the  advice  and  consent  of  the 
senate,  in  each  year  for  a  term  of  five  years,  beginning  on  the  first 
Tuesday  of  May  next  following  the  date  of  his  appointment.  Any 
vacancy  occurring  in  the  office  of  commissioner  by  death,  resignation, 
or  otherwise  shall  be  filled  by  the  governor,  but  for  the  unexpired 
term  only.  Each  of  the  said  commissioners  hereafter  appointed,  be- 
fore he  enters  upon  the  duties  of  his  office,  shall  >take  and  subscribe  an 
oath  that  he  will  faithfully  and  impartially  execute  and  perform  the 
duties  imposed  upon  him  by  law,  and  cause  the  same  to  be  filed  in 
the  office  of  the  secretary  of  state  of  this  State.  The  commissioners 
shall  each  receive  for  services  under  this  act  an  annual  salary  of 
twenty-five  hundred  dollars,  payable  in  equal  monthly  installments, 
and  the  said  commissioners  shall  henceforth  receive  no  other  com- 
pensation than  that  provided  under  this  act.  The  governor  of  this 
State  shall  have  power  to  remove  any  commissioner  from  office  for 
cause  during  his  term  of  office,  and  upon  removal  to  fill  the  vacancy 
thus  occasioned  for  the  unexpired  term,  In  making  appointments, 
either  for  full  terms  or  to  fill  vacancies,  regard  shall  be  had  by  the 
governor  both  to  ability  and  fitness,  and  also  to  locality,  so  that  each 
section  of  the  district  may  be  represented  as  far  as  practicable.  No 
commissioner  shall  be  directly  or  indirectly  interested  in  any  contract 
awarded  under  the  provisions  of  this  act,  nor  in  furnishing  materials 
or  supplies  therefor  to  any  contractor,  nor  in  furnishing  security  for 
the  performance  of  any  contract.  If  at  any  time  it  shall  appear  to 
the  satisfaction  of  the  governor  of  this  State  that  any  commissioner  is 
or  has  been  so  interested,  or  is  or  has  been  a  stockholder  in  any  cor- 
poration furnishing  material  or  supplies  to  any  contractor  for  work 
done  or  to  be  done  under  the  provisions  of  this  act,  or  that  he  is  the 
owner  of  any  lands  or  water  or  water  rights  taken  or  to  be  taken  or 
used  in  or  for  the  construction  of  any  work  imder  the  provisions  of 
this  act,  or  a  stockholder  in  any  corporation  owning  or  leasing  any 
such  lands  or  waters  or  water  rights,  it  shall  be  the  duty  of  the  gov- 
ernor to  remove  such  commissioner  from  office  forthwith,  and  all  con- 
tracts  made  by   such   sewerage   commissioners   wherein   any   such 
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commissioner  shall  have  been  interested,  directly  or  indirectly,  as 
aforesaid,  or  otherwise,  shall  thereupon  become  and  be  null  and  void, 
and  no  further  payments  on  account  thereof  shall  be  made  by  said 
sewerage  commissioners. 

2.  The  said  commissioners  shall,  on  the  first  Tuesday  in  May  of 
each  year,  at  the  hour  of  two  o'clock  in  the  afternoon,  organize  by 
the  choice  of  one  of  their  members  as  chairman  of  the  board,  and 
they  may  elect  a  treasurer,  who  may  or  may  not  be  a  member  of  the 
board,  and  a  clerk,  who  may  or  may  not  be  a  member  of  the  board, 
and  may  also  from  time  to  time  appoint  such  other  officers,  attorneys, 
agents,  employees,  and  servants,  and  such  engineers  and  assistants  as 
they  may  deem  necessary  to  carry  out  the  purposes  of  this  act,  and 
may  prescribe  the  duties  and  fix  the  compensation  of  all  officers, 
attorneys,  agents,  employees,  servants,  engineers,  and  assistants ;  and 
all  appointees  of  said  commissioners  may  be  removed  at  their  pleas- 
ure. The  organization  of  said  board  and  the  appointment  of  officers,  • 
agents,  clerks,  servants,  engineers,  and  assistants  heretofore  made  by 
the  said  board  shall  have  the  same  effect  as  if  made  under  this  act. 

3.  The  said  commissioners  heretofore  appointed  and  their  succes- 
sors in  office  are  and  shall  continue  to  be  a  body  politic  and  corporate, 
with  perpetual  succession  under  the  name  of  "  Passaic  Valley  sewer- 
age commissioners,"  with  power  to  sue  and  be  sued,  with  power  to 
adopt  and  use  a  corporate  seal,  and  the  right,  power,  and  authority 
to  acquire,  hold,  use,  and  dispose  of  all  such  property,  real  and  per- 
sonal, as  may  be  proper  or  necessary,  and  with  all  other  powers  proper 
or  necessary  to  carry  out  and  effectuate  the  purposes  for  which  said 
board  is  created. 

4.  The  board  of  Passaic  Valley  sewerage  commissioners,  incorpo- 
rated as  aforesaid,  is  hereby  given  full  power  and  authority  to  make, 
construct,  maintain,  and  operate  intercepting,  main,  trunk,  and  out- 
let sewers  with  the  necessary  pipes,  conduits,  pumping  works,  and 
other  appliances  for  the  purpose  of  taking  up,  within  the  said  Pas- 
saic Valley  sewerage  district,  sewage  and  other  offensive  and  dele- 
terious matter  which  would  or  might  otherwise  pollute  the  streams 
and  rivers  in  said  district  and  convey  the  same  to  some  proper  place 
or  places  of  deposit,  discharge,  or  outfall  in  the  New  York  Bay, 
within  the  State  of*  New  Jersey,  to  be  selected  by  the  said  sevferago 
commissioners,  there  to  be  discharged,  which  place  or  places  of 
deposit,  discharge,  or  outfall  shall  be  at  least  one  and  one-quarter 
miles,  measured  at  right  angles,  in  an  easterly  direction,  from  the 
exterior  line  for  solid  filling  in  the  New  York  Bay,  as  now  established 
by  the  riparian  commissioners  of  this  State,  and  in  a  tidal  channel  of 
not  less  than  forty  feet  in  depth  at  mean  low  water;  and  the  said 
i-ewerage  commissioners  shall  also  have  power  to  establish  within  said 
sewerage  district,  when  necessary,  sewage  disposal  works  and  works 
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for  the  treatment,  disinfecting,  and  disposal  of  sewage:  Provided^ 
however^  That  no  sewage  disposal  work  and  works  for  the  treatment, 
disinfecting,  and  disposal  of  sewage  shall  be  erected,  established,  or 
maintained  within  the  distance  of  five  miles  from  the  outfall  of  said 
trunk  sewer  herein  provided  for:  Provided^  however^  That  nothing 
herein  contained  shall  in  any  way  be  construed  to  allow  or  permit 
said  sewerage  commission  to  establish  or  build  more  than  one  sewage 
disposal  works  or  more  than  one  plant  or  works  for  the  treatment,  dis- 
infecting or  disposal  of  sewage;  no  contract  of  any  kind  shall  be 
awarded  at  any  one  time  for  more  than  one  million  dollars:  Provided^ 
however^  That  this  provision  shall  not  apply  to  the  sale  of  bonds.  All 
work  done  and  materials  purchased  in  the  prosecution  of  said  work 
or  works,  the  cost  of  which  shall  exceed  five  thousand  dollars,  shall  be 
be  by  contract  awarded,  after  due  advertisement,  to  the  lowest  respon- 
sible bidder,  and  all  contractors  shall  be  required  to  give  bonds  satis- 
factory in  security  and  amount  to  the  said  board;  and  no  contract 
involving  an  expenditure  of  more  than  twenty-five  thousand  dollars 
shall  be  awarded  until  after  the  same  shall  have  been  submitted  to 
und  approved  by  the  governor:  Provided^  That  no  contract  for  any 
of  the  work  herein  required  to  be  performed  by  contract  shall  be 
awarded  except  on  the  express  stipulation  that  so  far  as  practicable 
all  said  work  shall  be  performed  by  union  labor,  and  preference 
shall  be  given  to  citizens  of  the  State  of  New  Jersey. 

5.  It  shall  be  the  duty  of  all  persons,  corporations,  aiid  municipali- 
ties owning  or  controlling  the  sewers  or  drains  within  the  limits  of 
said  sewerage  district,  which  discharge  directly  or  indirectly  into  the 
streams  or  rivers  within  the  said  sewerage  district  any  sewage  or 
deleterious  matter,  to  cause  the  same  to  be  connected  with  and  to  be 
discharged  into  the  sewers  constructed  by  the  said  sewerage  conmiis- 
sioners  when  the  same  shall  have  been  constructed,  and  at  the  places 
which  shall  have  been  designated  for  that  purpose  by  the  said  sewer- 
age commissioners;  all  sewers  and  drains  hereafter  constructed  by 
any  person,  corporation,  or  municipality  within  the  said  sewerage 
district  conveying  or  discharging  sewage  or  other  deleterious  matter, 
which  might  otherwise  discharge  into  or  be  discharged  into  the  streams 
or  rivers  within  the  said  sewerage  district,  directly  or  indirectly,  shall 
be  so  constructed  that  the  outfall  or  discharge  therefrom  shall  be  de- 
livered into  the  drains  or  sewers  provided  by  the  said  sewerage  com- 
missioners at  the  points  and  places  designated  by  the  said  commission- 
ers; and  it  shall  be  the  duty  of  the  said  sewerage  commissioners,  in 
constructing  said  intercepting  or  main  sewers,  to  have  them  so  con- 
structed that  connection  therewith  can  be  made  at  necessary  or  proper 
points;  and  all  such  connections  shall  be  made  in  accordance  with  the 
rules  and  regulations  from  time-  to  time  adopted  by  the  said  sewerage 


Digitized  by  VjOOQIC 


oooDELU]         SEVERE   STATUTE   BESTRICTIONS — NEW   JERSEY.  113 

commissioners  in  relation  thereto,  and  under  the  direction  and  super- 
vision of  their  oflScers  and  agents,  and  all  such  connections  shall  be 
the  property  of  such  sewerage  commissioners;  the  main,  intercepting 
or  trunk  sewer  to  be  constructed  by  the  said  sewerage  commissioners 
shall  commence  at  or  near  the  Valley  of  Rocks,  in  the  city  of  Pater- 
son,  and  shall  extend  to  the  point  of  discharge  or  outfall  in  the  New 
York  Bay,  within  the  limits  of  the  State  of  New  Jersey ;  before  any 
moneys  expended  or  obligations  are  incurred  for  the  construction  of 
any  trunk  or  outlet  sewer  which  shall  discharge  into  New  York  Bay, 
the  said  board  shall  carefully  investigate  whether  said  discharge  is 
likely  to  pollute  the  waters  of  said  bay  within  the  jurisdiction  of  the 
State  of  New  Y'ork  to  such  an  extent  or  in  such  a  degree  as  to  cause  a 
nuisance  to  persons  or  property  within  said  State,  and  shall  present 
the  result  of  their  investigation  to  the  governor  with  their  opinion 
thereon  and  their  reasons  for  their  opinion ;  and  thereupon  the  same 
shall  be  considered  by  the  governor  and  the  attorney-general,  and  no 
work  shall  be  done  or  further  proceedings  taken  unless  the  attorney- 
general  shall,  in  writing,  advise  that  no  cause  of  action  either  for 
damages  or  an  injunction  will  arise  in  favor  of  the  State  of  New  York 
or  any  of  its  inhabitants  by  reason  of  such  discharge  of  sewage  into 
the  waters  of  New  York  Bay,  and  the  governor  shall,  by  order,  in 
writing,  advise  said  board  that,  in  his  judgment,  it  is  safe  and  prudent 
to  proceed  with  its  work,  due  regard  being  had  to  all  the  risks  and 
dangers  of  injunctive  litigation. 

6.  The  said  sewerage  commissioners  shall  have  power  and  authority 
to  purchase  and  acquire  lands  and  rights  or  interests  in  lands  within 
and  without  the  said  sewerage  district  which  may  be  deemed  neces- 
sary for  the  construction  of  sewers,  drains,  disposal,  pumping  or  other 
works  authorized  by  this  act,  but  no  ventilating  plant,  sewage  dis- 
posal works,  or  works  for  the  treatment,  disinfecting,  or  disposal  of 
sewage  shall  be  erected  or  maintained  outside  of  said  sewerage  dis- 
trict; and  if  in  any  case  the  said  sewerage  commissioners  shall  be 
unable  to  agree  with  the  owner  or  owners  of  any  lands  or  rights  or 
interests  in  lands  deemed  necessary  by  said  sewerage  commissioners 
in  the  construction  and  prosecution  of  the  work  hereby  authorized, 
or  when  by  reason  of  legal  incapacity  or  absence  of  such  owner  or 
owners  no  agreement  can  be  made  for  the  purchase  thereof,  the  lands 
or  rights  or  interests  in  lands  so  deemed  necessary  for  the  purposes  of 
this  act  shall  be  acquired  by  condemnation  by  the  said  sewerage  com- 
missioners in  the  manner  provided  by  the  general  laws  of  this  State 
relating  to  the  condemnation  of  lands  for  public  uses:  Proinded^Thsit 
no  private  property  shall  be  taken  for  the  purposes  of  this  act  without 
compensation  therefor  shall  have  first  been  made  or  tendered  to  the 
owner  or  owners  thereof,  or,  in  lieu  thereof,  paid  to  the  clerk  of  the 
OB  152— 06  H 8 
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county  in  which  the  lands  taken  are  located  for  the  use  of  the  person 
or  persons  entitled  to  receive  the  same;  and  in  case  such  payment  or 
tender  to  the  owner  or  owners,  or  payment  into  court,  is  made  by  the 
said  sewerage  commissioners  upon  the  award  of  commissioners,  the 
said  sewerage  commissioners  shall  be  entitled  to  take  immediate  pos- 
session of  the  property  so  condemned,  notwithstanding  any  appeal, 
and  the  acceptance  by  the  owner  or  owners  of  the  lands  or  rights  so 
condemned  of  any  award  of  commissioners  shall  not  interfere  with  or 
prevent  the  taking  of  any  appeal  provided  by  law. 

7.  The  said  board  of  sewerage  commissioners  shall  have  power  to 
construct  any  sewer  or  drain  by  it  to  he  made  or  constructed  under  or 
over  any  water  course,  under  or  over  or  across  or  along  any  street, 
turnpike,  railway,  canal,  highway,  or  other  way,  and  in  or  upon  pri- 
vate or  public  lands,  and  in  or  upon  lands  of  this  State  and  under 
waters  of  this  State,  in  such  manner,  however,  as  not  unnecessarily  to 
obstruct  or  impede  travel  or  navigation,  and  may  enter  upon  and  dig 
up  any  street,  road,  highway,  or  private  or  public  lands  either  within 
or  without  the  said  sewerage  district  for  the  purpose  of  constructing 
or  laying  sewers  or  drains  upon  or  beneath  the  surface  thereof,  and 
for  maintaining  and  operating  the  same,  and  in  general  may  do  all 
other  acts  or  things  necessary,  convenient,  and  proper  to  carry  out 
the  purposes  of  this  act ;  but  no  part  of  said  sewer  where  laid  under 
the  waters  of  this  State  beyond  the  exterior  lines  for  solid  filling,  as 
established  by  the  riparian  commissioners  of  this  State,  shall  in  said 
Newark  Bay  be  above  an  elevation  of  thirty  feet  below  mean  low 
water,  or  shall  in  said  New  York  Bay  be  above  an  elevation  of  thirty- 
five  feet  below  mean  low  water ;  and  the  said  board  of  sewerage  com- 
missioners shall  have  power,  for  the  purpose  of  carrying  such  sewage 
or  other  matter  to  the  place  of  deposit  or  discharge  in  New  York  Bay, 
to  construct  sewers  within  territory  outside  of  the  said  sewerage  dis- 
trict, and  with  its  sewers,  pipes,  and  drains  to  pa.ss  through  or  partly 
through  the  territory  of  municipalities  outside  of  said  sewerage  dis- 
trict; and  whenever  the  said  board  shall  dig  up  any  road,  street,  or 
highway  as  aforesaid,  it  shall,  as  far  as  possible,  restore  the  same  to 
as  good  condition  and  order'as  the  same  was  when  such  digging  com- 
menced: Provided^  however^  That  when  such  streets,  roads,  or  high- 
ways lie  outside  of  such  sewerage  district,  the  laying  down  of  sewers 
or  drains  under  or  across  said  streets,  roads,  or  highways  shall  be 
subject  to  such  police  regulations  of  the  governing  bodies  of  such 
municipalities  as  are  applicable  and  enforceable  in  the  construction 
of  sewers  or  drains  for  such  municipality. 

8.  The  said  sewerage  commissioners  shall  have  power  and  authority 
to  alter  or  change  the  course  or  direction  of  any  water  course,  and, 
with  the  consent  of  the  township  committee  of  any  township  and  of 
the  board  or  body  having  control  of  the  streets  or  highways  in  any 
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city,  town,  or  other  municipality,  to  alter  or  change  the  grade  or  loca- 
tion of  any  highway,  public  street,  or  way  crossed  by  any  sewer  or 
drain  to  be  constructed  under  the  provisions  of  this  act. 

9.  The  said  board  of  sewerage  commissioners  may,  by  its  officers, 
agents,  servants,  and  employees,  enter  at  all  times  upon  any  lands  or 
waters  within  or  without  the  said  sewerage  district  for  the  purpose  of 
exploring,  surveying,  leveling,  and  laying  out  the  route  of  any  drain 
or  sewer,  locating  any  disposal,  pumping,  or  other  works,  establishing 
grades^  and  doing  all  necessary  preliminary  work ;  doing,  however,  no 
unnecessary  damage  or  injury  to  private  property. 

10.  The  said  board  of  sewerage  commissioners  shall  at  all  times 
keep  full  and  accurate  accounts  of  its  receipts,  expenditures,  disburse- 
ments, and  liabilities,  and  shall  annually  cause  a  detailed  statement 
thereof  to  be  published  and  a  copy  thereof  mailed  to  the  secretary  of 
state  of  this  State  and  to  the  clerk  of  each  of  the  municipalities  in  the 
district.  The  fiscal  year  of  said  sewerage  commissioners  shall  end  on 
the  first  Tuesday  of  May  in  each  year,  and  said  report  so  to  be  pub- 
lished shall  be  a  report  for  the  previous  fiscal  year,  and  shall  l)e  made 
as  soon  after  the  end  of  each  fiscal  year  as  conveniently  may  l)e ;  and 
the  mayor  or  chief  officer  of  any  city  or  other  municipality  included 
within  said  drainage  district  shall  be  given  full  access  to  all  the 
books,  accounts,  and  vouchers  of  the  said  board,  at  all  reasonable 
times,  for  the  purpose  of  examination  and  report  in  the  interest  of 
such  municipalities,  respectively,  and  of  the  taxpayers  therein. 

11.  To  provide  for  the  payment  of  costs  and  expenses  incurred  or 
to  be  incurred  by  the  said  sewerage  commissioners  for  the  purchase 
of  lands,  rights,  or  interests  in  lands  or  other  property  or  rights,  and 
in  the  construction  of  said  disposal  works,  pumping  stations,  sewers, 
drains,  and  all  other  works  by  them  to  be  constructed,  and  for  engi- 
neering, administrative,  and  other  expenses  connected  therewith, 
including  interest  during  construction,  said  board  of  sewerage  com- 
missioners shall  have  power  from  time  to  time  to  issue  its  corporate 
bonds  in  an  amount  not  to  exceed  nine  million  dollars  and  not  to 
exceed  the  total  estimated  cost  and  expenses  of  the  whole  work ;  such 
bonds  shall  be  in  the  form  and  payable  at  a  time  not  exceeding  fifty 
years  from  the  date  thereof  and  at  such  places,  and  either  in  cur- 
rency or  coin,  as  the  said  sewerage  commissioners  may  determine; 
such  bonds  shall  bear  interest  at  a  rate  not  exceeding  four  per  centum 
per  annum,  payable  semiannually ;  all  such  bonds  shall  be  signed  by 
the  chairman  of  the  said  board  of  sewerage  commissioners  and  coun- 
tersigned by  the  treasurer,  and  shall  be  sealed  with  its  corporate  seal, 
attested  by  the  clerk;  in  issuing  such  bonds  the  board  of  sewerage 
commissioners  may,  in  its  discretion,  make  the  same  or  any  part 
thereof  fall  due  at  stated  periods  less  than  fifty  years  fnmi  the  date 
of  issue,  and  may  reserve  in  said  bonds  an  option  to  redeem  or  pay 
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the  same  or  any  part  thereof  at  stated  periods  at  any  time  between 
the  date  thereof  and  the  date  at  which  they  would  otherwise  fall  due ; 
the  said  bonds  may  be  either  coupon  or  registered  bonds  or  partly 
coupon  and  partly  registered  bonds,  and  all  such  bonds  may  be 
negotiated,  sold,  and  disposed  of  at  not  less  than  their  par  value,  and 
the  same  or  the  proceeds  thereof  may  be  used  by  the  said  sewerage 
commissioners  for  the  purposes  aforesaid ;  the  said  board  of  sewerage 
commissioners  shall  keep  the  cost  and  expenses  of  the  construction  of 
its  plant — in  which  shall  be  included  the  cost  of  lands,  rights,  or  inter- 
ests in  lands,  and  the  cost  of  all  other  property  and  rights,  and  the 
cost  of  construction  of  all  works,  including  engineering  expenses, 
administrative  expenses,  and  legal  expenses,  and  including  interest 
during  the  course  of  construction — separate  from  the  cost  and  ex- 
penses of  maintenance,  operation,  and  repairs;  all  sales  of  bonds  shall 
be  made  after  public  notice  and  advertisement  calling  for  bids  and 
shall  be  made  to  the  highest  I'esponsible  bidders. 

12.  The  said  board  of  sewerage  commissioners  may,  in  anticipation 
of  the  issuing  of  bonds,  and  from  time  to  time  as  it  may  need  money, 
borrow  such  sum  or  sums  of  money,  not  exceeding  at  any  one  time 
one-fifth  of  the  estimated  cost  of  the  whole  work,  and  may  issue  its 
certificates  of  indebtedness,  promissory  notes,  or  other  obligations 
therefor,  retiring  the  same  from  time  to  time  as  the  bonds  hereinbe- 
fore authorized  to  be  issued  are  sold.  In  order  that  the  said  bonds 
issued  for  the  purchase  of  land,  rights  in  land,  and  for  the  construc- 
tion of  the  works,  plant  and  extensions,  betterments  and  improve- 
ments thereof  may  be  paid  and  retired  at  maturity,  the  sewerage 
commissioners  shall  provide  a  proper  and  suitable  sinking  fund  not 
exceeding  in  amount  to  be  raised  in  any  one  year  one  per  centum  of 
the  face  value  of  the  bonds  issued,  which  sum  shall  be  raised  annu- 
ally, beginning  with  the  fifth  year  after  the  issuing  of  said  bonds,  at 
the  time  and  in  the  manner  herein  provided  for  the  raising  of  the 
moneys  necessary  to  pay  the  interest  on  said  bonds.  The  money  so 
raised  for  sinking-fund  purposes  shall  be  kept  in  a  separate  account 
by  the  treasurer  of  the  board  of  sewerage  commissioners,  and  shall, 
under  its  direction,  be  used  or  invested  from  time  to  time  in  the  pur- 
chase or  retirement  of  its  own  bonds,  or  in  the  purchase  of  securities 
in  which  savings  banks  and  savings  institutions  of  this  State  are 
authorized  to  invest. 

13.  All  indebtedness  of  the  said  board  of  sewerage  commissioners 
incurred  for  the  purchase  of  lands,  rights,  or  interests  in  land  or 
other  property,  and  in  the  construction  of  its  works  or  plant,  or 
otherwise  lawfully  incurred,  pursuant  to  the  provisions  of  this  act, 
whether  such  indebtedness  is  represented  by  bonds,  certificates  of 
indebtedness,  promissory  notes,  or  other  form  of  indebtedness,  with 
interest  accrued  or  to  accrue  thereon,  shall  be  a  charge  upon  all  per- 
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sons  and  property  in  the  municipal  or  taxing  districts  lying  in  whole 
or  in  part  within  said  sewerage  district  as  fully  as  the  legislature  of 
this  State  shall  have  power  to  authorize  the  same;  and  all  bonds, 
certificates  of  indebtedness,  promissory  notes,  and  other  obligations 
issued  by  the  said  board  of  sewerage  commissioners  shall  be  fi'ee 
from  all  State,  county,  municipal,  and  other  taxes,  and  the  property, 
real  and  personal,  of  the  said  board  of  sewerage  commissioners  held 
by  it  under  authority  of  this  act,  wherever  situated,  shall  in  like  man- 
ner be  free  from  taxation. 

14.  The  said  sewerage  commissioners  shall,  on  or  before  the  fif- 
teenth day  of  June  in  each  year,  ascertain  and  determine  the  amount 
of  money  necessary  to  be  raised  for  the  payment  of  interest  upon 
bonds  and  other  indebtedness  and  for  sinking-fund  charges  for  the 
current  fiscal  year,  and  shall  apportion  the  same  among  the  respective 
municipalities  and  taxing  districts  lying  in  whole  or  in  part  within 
said  sewerage  district,  in  such  proportion  as  the  taxable  ratables 
within  so  much  of  said  municipality  or  taxing  district  as  is  embraced 
within  said  sewerage  district  bears  to  the  total  amount  of  taxable 
ratables  within  the  whole  of  said  sewerage  district,  as  returned  and 
certified  by  the  respective  taxing  boards  and  taxing  officers  of  the 
said  municipalities  or  taxing  districts  for  the  preceding  year:  Pro- 
vided^ however^  That  all  ratables  in  said  district  for  this  purpose  be 
assessed  at  their  true  value ;  and  it  shall  be  the  duty  of  each  assessor, 
taxing  board,  or  taxing  officer  for  the  several  municipalities  and  tax- 
ing districts  lying  in  whole  or  in  part  within  said  sewerage  district 
for  this  purpose,  to  examine,  compute,  determine,  and  certify  to  the 
said  sewerage  board  annually,  and  by  the  first  day  of  April  of  each 
year,  the  amount  of  taxable  property  or  ratables  assessed  in  the  last 
preceding  year  to  or  upon  persons  and  property  within  so  much  of 
the  several  municipalities  and  taxing  districts  as  lie  within  the  said 
sewerage  district,  and  the  books  of  each  of  the  said  assessors,  taxing 
boards,  and  taxing  officers  shall  at  all  times  be  open  for  examination 
by  the  board  of  sewerage  commissioners,  its  officers  and  agents,  for 
the  purpose  of  examining,  checking,  and,  if  necessary,  correcting 
said  certificates. 

.  15.  The  said  board  of  sewerage  commissioners  shall,  on  or  before 
the  fifteenth  day  of  June  in  each  year,  ascertain  and  determine  as 
near  as  may  be  the  amount  of  money  necessary  to  be  raised  for  oper- 
ating, maintaining,  and  repairing  its  works  and  plant  for  the  current 
fiscal  year,  and  shall  apportion  the  money  so  estimated  to  be  neces- 
sary among  the  several  municipalities  or  taxing  districts  lying  in 
whole  or  in  part  within  said  sewerage  district  according  to  the 
amount  of  sewage  by  them  respectively  delivered  to  or  discharged 
into  any  sewers  or  other  receptacles  provided  or  constructed  by  the 
said  sewerage  commissioners  for  the  reception  thereof.  Before  sucli 
apportionment  is  finally  made  and  adopted  by  the  ^>^f  ^^g^£/(yi\'f^ 
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sioners  for  any  year  and  on  the  fourth  Tuesday  of  May,  at  two  o'clock 
in  the  afternoon,  the  said  sewerage  commission  shall  sit  at  its  prin- 
cipal office  for  the  pur{X)se  of  hearing  such  municipalities  as  desire 
to  be  heard  upon  the  apportionment  of  the  estimated  amount  of 
money  required  for  the  operation,  maintenance,  and  repair  of  said 
works  and  plant,  but  the  apportionment  when  made  by  the  said  sew- 
erage commissioners  shall  be  final  and  conclusive;  in  case,  however, 
the  estimate  of  moneys  necessary  to  l)e  raised  in  any  year  for  operat- 
ing, maintaining,  and  repairing  the  works  and  plant  of  the  sewerage 
commissioners  shall,  at  the  end  of  the  year,  be  found  to  have  been  too 
low,  the  deficiency  shall  be  made  good  by  adding  the  same  to  the  esti- 
mated amount  required  for  operating,  maintaining,  and  repairing 
the  said  works  for  the  next  succeeding  year;  and  if  said  estimate 
shall  be  found  to  have  been  excessive,  then  such  excess  shall  be  de- 
ducted from  the  estimate  for  the  next  succeeding  year. 

16.  The  said  board  of  sewerage  commissioners  shall,  on  or  before 
the  twentieth  day  of  June  in  each  year,  order  and  cause  a  tax  to  be 
levied  and  assessed  upon  all  persons  and  property  within  each  of  the 
municipal  and  taxing  districts  lying  in  whole  or  in  part  within  said 
sewerage  district,  for  the  purpose  of  raising  the  money  necessary  to 
pay  interest  upon  its  bonds  and  other  indebtedness  and  necessary 
sinking-fund  charges  and  for  the  sum  or  sums  of  money  estimated  as 
necessary  to  provide  for  the  proper  maintenance  and  operation  of  its 
works  and  plant,  and  for  all  the  other  expenses  of  the  said  sewerage 
commissioners,  and  to  this  end  it  shall,  on  or  before  the  twentieth  day 
of  June  in  each  year,  certify  to  the  tax  assessor,  taxing  board,  or  tax- 
ing officer  of  each  of  said  municipalities  or  taxing  districts  lying  in 
whole  or  in  part  within  said  sewerage  district,  the  amount  of  tax 
required  to  be  levied,  assessed,  and  raised  in  each  of  their  respective 
municipalities  and  taxing  districts  for  said  purposes;  and  the  said 
assessors,  taxing  boards,  and  taxing  officers  shall  assess  said  sums  so 
directed  to  be  assessed  (and  certified  to  them)  upon  all  the  p>ersons 
and  proj>erty  within  their  respective  nmnicipalities  or  taxing  districts 
liable  to  be  assessed  for  State  or  county  taxes,  and  the  said  tax  shall 
be  levied,  assessed,  and  collected  by  the  same  officers  at  the  same 
time  and  in  the  same  manner  and  with  the  same  effect  as  State  or 
county  taxes  are  required  to  be  levied,  assessed,  and  collected  within 
said  municipalities  or  taxing  districts;  and  the  taxes  so  levied  upon 
real  estate  in  said  municipalities  and  taxing  districts  shall  be  and 
remain  a  first  and  paramount  lien  thereon  until  paid. 

17.  Out  of  the  first  moneys  collected  in  any  year  in  any  munici- 
pality or  taxing  district,  and  not  required  by  law  to  be  paid  to  the 
county  collector  for  State  or  county  purposes,  it  shall  be  the  duty  of 
the  disbursing  officer  or  officers  of  such  municipality  or  taxing  dis- 
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trict  to  pay  to  the  treasurer  of  the  sewerage  commissioners  the  sum 
or  sums  of  money  directed  by  said  sewerage  commissioners  to  be 
assessed,  levied,  and  collected  in  such  municipality  or  taxing  district. 

18.  The  said  board  of  sewerage^  commissioners  may,  from  time  to 
time,  in  anticipation  of  the  collection  of  moneys  directed  by  it  to  be 
assessed,  levied,  and  collected  within  the  municipalities  or  taxing 
districts  lying  in  whole  or  in  part  within  its  sewerage  district,  borrow 
such  sum  or  sums  of  money  as  may  be  necessary  for  the  payment  of 
interest  upon  bonds  or  other  indebtedness,  and  for  the  payment  of 
sinking-fund  charges,  and  for  the  payment  of  its  officers,  agents, 
employees,  and  for  all  other  necessary  or  proper  expenses  in  main- 
taining and  operating  its  works  and  plant,  and  the  payment  of  the 
moneys  so  borrowed  shall  be  secured  by  a  lien  upon  said  taxes  as 
levied  and  assessed,  or  so  directed  to  be  levied  and  assessed,  and  said 
taxes  when  collected  shall  be  applied  to  the  payment  of  the  moneys 
so  borrowed;  all  loans  made  in  pursuance  of  this  section  shall  be 
after  public  notice  and  advertisement,  and  shall  be  made  or  taken 
from  the  person  or  persons  offering  the  most  favorable  terms. 

19.  If  in  any  case  the  streams  and  rivers  within  the  said  sewerage 
district  are  or  may  be  polluted  by  sewage  or  other  deleterious  matter 
discharged  therein,  directly  or  indirectly,  from  any  municipality  or 
any  part  of  a  municipality  lying  without  the  said  sewerage  district,  it 
shall  and  may  be  lawful  for  the  said  board  of  commissioners  to  enter 
into  contract  with  such  municipality  for  the  disposal  of  all  such  sew- 
age and  deleterious  matter,  and  every  such  municipality  is  hereby 
authorized  to  enter  into  such  contract  with  the  said  board,  and  the 
said  board  may,  in  the  constructions  made  by  it  under  the  authority 
of  this  act,  make  provisions  for  such  disposal;  such  contracts  may  be 
made  upon  such  terms  and  for  such  lengths  of  time  and  for  such 
annual  or  semiannual  payments  as  shall  be  mutually  agreed  upon, 
and  the  municipalities  and  taxing  districts  so  contracting  shall  have 
the  power  to  raise  annually,  by  taxation,  the  moneys  necessary  to 
make  the  payments  required  to  be  made  under  such  contracts,  or  to 
use  for  this  purpose  any  moneys  not  otherwise  appropriated ;  and  the 
moneys  received  by  the  said  commissioners  under  such  contracts  shall 
be  applied  by  them  as  follows :  Two-thirds  thereof  to  the  payment  of 
interest  upon  bonds  issued  by  the  said  board,  and  one-third  thereof 
to  the  payment  of  the  expense  of  operation,  maintenance,  and  repair 
of  work. 

20.  The  said  sewerage  commissioners  shall  have  within  said  sewer- 
age district  powers  exclusive  of  all  other  boards  to  protect  the  rivers 
and  streams  thereof  from  pollution  and  to  prevent  the  pollution  of 
the  same,  and  to  this  end  the  said  sewerage  commissioners  may  pro- 
hibit the  deposit  or  discharge  into  the  rivers  or  streams  within  said 
sewerage  district  of  any  sewage  or  other  matter  or  thing  which  may 
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pollute  the  same;  they  may  also  in  like  mamier  prohibit  or  prevent 
the  emptying  into  any  tributary  of  said  rivers  or  streams,  by  any 
municipality  or  part  of  a  municipality  lying  within  the  said  sewerage 
district,  of  any  sewage  or  other  matter  or  thing  which  will  directly  or 
indirectly  cause  the  rivers  or  streams  within  said  sewerage  district  to 
be  polluted;  and  the  said  board  of  sewerage  commissioners  may  at 
any  time,  when  it  has  reason  to  believe  that  any  river  or  stream 
within  its  district  is  being  polluted  by  any  such  municipality  or  part 
of  a  municipality  by  deposit  or  discharge  into  said  rivers,  streams,  or 
their  tributaries  of  any  sewage  or  other  matter  or  thing  which  will 
pollute  the  same,  or  when  such  deposit  or  discharge  is  threatened,  to 
apply  by  bill  or  petition  to  the  court  of  chancery  of  this  State  for 
injunction  to  prevent  the  said  pollution  or  threatened  pollution  of  said 
rivers  or  streams  or  their  tributaries,  and  the  court  of  chancery  shall 
have  power  to  hear  and  dispose  of  said  petition  or  bills  in  a  summary 
manner,  and  to  grant  any  and  all  relief  necessary  to  prevent  said 
pollution  or  threatened  pollution  or  the  continuation  of  any  pollution 
of  said  rivers,  streams,  or  their  tributaries. 

21.  The  said  board  of  sewerage  commissioners  shall  have  power 
from  time  to  time  to  adopt  all  such  reasonable  rules  and  regulations 
for  its  own  government  and  the  government  of  its  officers  and  agents, 
and  also  for  the  use,  protection,  and  management  of  its  works,  prop- 
erty, and  plant,  and  for  the  protection  of  the  rivers  and  streams « 
within  its  district  from  pollution,  not  inconsistent  with  the  provi- 
sions of  this  act  and  the  laws  of  this  State. 

22.  The  chairman  shall  preside  at  all  meetings  of  the  sewerage 
commissioners,  and  shall,  with  the  treasurer,  sign  all  bonds,  promis- 
sory notes,  certificates  of  indebtedness,  and  other  obligations  of  the 
board;  he  shall  also  countersign  all  checks;  in  the  absence  of  the 
chairman,  or  in  case  he  is  incapacitated  by  illness  or  other  cause,  the 
sewerage  commissioners  shall  have  power  to  elect  an  acting  chair- 
man, who  for  the  time  being  shall  have  all  the  powers  and  perform 
all  the  duties  of  the  chairman;  the  treasurer  shall  give  bond  in  such 
sum  as  the  sewerage  commissioners  may  determine,  and  shall  be  the 
receiving  and  disbursing  officer  of  the  said  sewerage  commissioners, 
and  all  moneys  required  by  law  to  be  paid  to  said  sewerage  commis- 
sioners shall  be  paid  to  the  treasurer  thereof,  and  shall  be  by  him 
deposited  in  such  bank  or  banks  of  deposit  or  trust  company  or  trust 
companies  in  this  State  as  shall  be  determined  upon  by  the  said 
sewerage  commissioners;  all  disbursements  shall  be  by  check,  signed 
by  the  treasurer  and  countersigned  by  the  chairman;  the  clerk  shall 
have  charge  of  the  seal  of  the  corporation  and  shall  affix  it  to  such 
instruments  as  he  shall  be  directed  by  the  said  board,  and  he  shall 
attest  the  same;  he  shall  keep  full  minutes  of  all  the  meetings  of  the 
board  and  of  its  committees  and  shall  perform  all  such  other  duties 
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as  he  may  be  directed  by  the  said  board  of  commissioners  to  perform ; 
no  deposit  of  moneys  in  the  charge  of  the  said  board  shall  be  made 
in  any  bank  or  trust  company  except  upon  the  condition  that  the 
said  board  shall  receive  interest  at  the  rate  of  not  less  than  two  per 
centum  per  annum  upon  the  said  deposits. 

23.  In  case  for  any  reason  any  section  or  any  provision  of  this  act 
shall  be  questioned  in  any  court  and  shajl  be  held  to  be  unconstitu- 
tional or  invalid,  the  same  shall  not  be  held  to  affect  any  other  sec- 
tion or  provision  of  this  act. 

24.  All  acts  and  parts  of  acts  inconsistent  with  this  act  are  hereby 
repealed ;  and  this  act  shall  take  eflfect  immediately.** 

Approved  April  22, 1903. 

NEW  YORK. 

[Revised  Statutes,  3d  .ed.  (C.  F.  Blrdeeye),  vol.  2,  pp.  2822  ff.,  Article  V:  Public  health 

law.] 

POTABLE   WATERS. 

Sec.  70.  Rides  and  regulations  of  State  hoard. — ^The  State  board 
of  health  may  make  rules  and  regulations  for  the  protection  from 
contaminaticm  of  any  or  all  public  supplies  of  potable  waters  and 

•This  act  was  declared  uDcoustltutlonal  by  the  court  of  errors  and  appeals  of  New 
Jersey  in  March,  1905.  Van  Cleve  v.  Passaic  Valley  Sewerage  Commissioners,  60  Atlan- 
tic Rep..  214.  It  is  retained  here,  however,  because  the  ground  upon  which  It  was  held 
unconstitutional  affects  only  the  mode  of  raising  the  necessary  funds  for  carrying  out 
the  work. 

It  was  subjected  to  an  attack  by  the  city  of  Paterson  and  by  a  property  owner  who 
had  been  assessed  for  public  sewers  In  the  city  of  Paterson.  Argument  was  conducted 
by  several  of  the  ablest  counsel  In  the  State  on  each  side  and  the  act  was  sustained 
upon  all  grounds  In  the  supreme  court,  but  by  a  divided  court.  In  the  court  of  errors 
and  appeals  the  action  of  the  supreme  court  was  reversed,  and  the  act  declared  to  be 
unconstitutional  upon  the  ground  that  it  contained  an  unlawful  delegation  to  the  sewer- 
age commissioners  of  the  power  of  taxation.  The  court  says,  per  Garrison,  J.,  "To 
relieve  a  river  from  pollution  and  to  construct  and  maintain  for  this  purpose  sewers  to 
the  seaboard  or  to  other  point  of  output  and  to  carry  away  through  such  sewers  all 
tlwt  would  otherwise  pollute  such  river  Is  clearly  within  the  power  of  the  central  legis- 
lative body." 

The  act  under  examination  authorised  the  commissioners  to  raise  by  taxation  any 
amount  in  their  discretion,  subject  only  to  the  limit  of  nine  million  dollars  ($9,000,000* 
In  the  matter  of  construction,  but  without  any  limit  In  the  matter  of  maintenance.  The 
taxation  was  laid  upon  a  taxation  area  that  was  not  coterminous,  with  the  sewerage  dis- 
trict established  by  the  legislature;  and  neither  the  taxation  area  nor  the  sewerage  dis- 
trict is  a  political  division  of  the  State  nor  Invested  with  any  governmental  fimctlon. 
The  court  held  that  the  fundamental  law  of  New  Jersey  required,  "  that  the  district  to 
be  taxed  shall  be  coterminous  with  a  district  to  which  some  right  of  local  self-govern- 
ment is  given."  The  act  Is,  therefore,  held  Invalid.  The  court  then  proceeds  as  follows . 
"  Having  stated  the  considerations  that  lead  me  to  the  conclusion  that  the  act  before  us 
Is  Invalid,  because  of  Its  fiscal  provision,  I  shall,  to  avoid  misapprehension,  add  that 
notlilng  in  this  opinion  is  Intended  to  Imply  a  lack  of  power  In  the  legislature  to 
effectuate  the  object  expressed  In  this  act  by  means  that  are  In  harmony  with  the  funda- 
mental principles  of  taxation  Illustrated  by  the  decisions  I  have  cited.  If,  for  Instance, 
as  was  suggested  by  the  arguments  before  us,  powers  adequate  to  the  execution  of  the 
legislative  scheme  of  drainage  were  conferred  upon  the  entire  area  to  be  taxed  and 
duties  respecting  the  exercise  of  such  powers  constitutionally  Imposed  In  such  manner  as 
Indicated  and  that  their  exercise  was  compulsory,  a  question  not  touched  upon  In  this 
opinion  would  be  presented." 
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their  sources  within  the  State.  If  any  such  rule  or  regulation  relates 
to  a  temporary  source  or  act  of  contamination,  any  person  violating 
such  rule  or  regulation  shall  he  liable  to  prosecution  for  misdemeanor 
for  every  such  violation,  and  on  conviction  shall  be  punished  by  a 
fine  not  exceeding  two  hundred  dollars,  or  imprisonment  not  exceed- 
ing one  year,  or  both.  If  any  such  rule  or  regulation  relates  to  a 
permanent  source  or  act  of  contamination,  said  board  may  impose 
penalties  for  the  violation  thereof  or  the  noncompliance  therewith 
not  exceeding  two  hundred  dollars  for  every  such  violation  or  non- 
compliance. Every  such  rule  or  regulation  shall  be  published  at  least 
once  in  each  week  for  six  consecutive  weeks  in  at  least  one  newspa- 
per of  the  county  where  the  waters  to  which  it  relates  are  located. 
The  cost  of  such  publication  shall  be  paid  by  the  corporation  or 
municipality  benefited  by  the  protection  of  the  water  supply  to  which 
the  rule  or  regulation  published  relates.  The  affidavit  of  the  printer, 
publisher,  or  proprietor  of  the  newspaper  in  which  such  rule  or  regu- 
lation is  published  may  be  filed  with  the  rule  or  regulation  published 
in  the  county  clerk's  office  of  such  county,  and  such  affidavit  and  rule 
and  regulation  shall  be  conclusive  evidence  of  such  publication  and 
of  all  the  facts  therein  stated  in  all  courts  and  places. 

Sec.  71.  hispection  of  water  mipply. — The  officer  or  board  having 
by  law  the  management  and  control  of  the  potable  water  supply  of 
any  municipality,  or  the  corporation  furnishing  such  supply,  may 
make  such  inspection  of  the  sources  of  such  water  supply  as  such 
officer,  board,  or  corporation  deems  it  advisable,  and  to  ascertain 
whether  the  rules  or  regulations  of  the  State  board  are  complied  with. 
If  any  such  inspection  discloses  a  violation  of  any  such  rule  or  regu- 
lation relating  to  a  permanent  source  or  act  of  contamination,  such 
officer,  board,  or  corporation  shall  cause  a  copy  of  the  rule  or  regula- 
tion violated  to  be  served  upon  the  person  violating  the  same  with  a 
notice  of  such  violation.  If  the  person  served  does  not  immediately 
comply  with  the  rule  or  regulation  violated,  such  officer,  board,  or 
corporation  shall  notify  the  Stat«  board  of  the  violation,  which  shall 
immediately  examine  into  such  violation,  and  if  such  person  is  found 
by  the  State  board  to  have  actually  violated  such  rule  or  regulation, 
the  secretary  of  the  State  board  shall  order  the  local  board  of  health 
of  such  municipality  to  convene  and  enforce  obedience  to  such  rule 
or  regulation.  If  the  local  board  fails  to  enforce  such  order  within 
ten  days  after  its  receipt,  the  corporation  furnishing  such  water  sup- 
ply, or  the  municipality  deriving  its  water  supply  from  the  waters  to 
which  such  rule  or  regulation  relates,  may  maintain  an  action  in  a 
court  of  record,  which  shall  be  tried  in  the  county  where  the  cause  of 
action  arose  against  such  person,  for  the  recovery  of  the  penalties 
incurred  by  such  violation,  and  for  an  injunction  restraining  him 
from  the  continued  violation  of  such  rule  or  regulation. 
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Sec.  71a.  Rvles  and  regtilations  legalized, — All  rules  and  regula- 
tions heretofore  duly  made  and  published  for  the  sanitary  protection 
of  public  water  supplies,  pursuant  to  chap.  543  of  the  laws  of  1885 
and  chap.  661  of  the  laws  of  1893,  as  amended,  are  hereby  legalized, 
ratified,  confirmed,  and  continued  in  force  until  new  rules  and  regu- 
lations become  operative. 

Sec.  71b.  (^oiwtruction  of  act, — ^This  act  shall  not  be  construed  to 
repeal  or  affect  any  of  the  provisions  of  chap.  378  of  laws  of  1897,  or 
its  amendments. 

Sec.  72.  Sewerage. — When  the  State  board  of  health  shall,  for  the 
protection  of  a  water  supply  from  contamination,  make  orders  or  reg- 
ulations the  execution  of  which  will  require  or  make  necessary  the 
construction  and  maintenance  of  any  system  of  sewerage,  or  a  change 
thereof,  in  or  for  any  village  or  hamlet,  whether  incorporated  or  unin- 
corporated, or  the  execution  of  which  will  require  the  providing  of 
some  public  means  of  removal  or  purification  of  sewage,  the  munici- 
pality or  corporation  owning  the  waterworks  benefited  thereby  shall, 
at  its  own  expense,  construct  and  maintain  such  system  of  sewerage, 
or  change  thereof,  and  provide  such  means  of  removal  and  purifica- 
tion of  sewage  and  such  works  or  means  of  sewage  disposal  as  shall  be 
approved  by  the  State  board  of  health.  When  the  execution  of  any 
such  regulations  of  the  State  board  of  health  will  occasion  or  require 
the  removal  of  any  building  or  buildings  the  municipality  or  corpora- 
tion owning  the  waterworks  benefited  thereby  shall,  at  its  own  ex- 
pense, remove  such  buildings  and  pay  to  the  owner  thereof  all  the 
damages  occasioned  by  such  removal. 

When  the  execution  of  any  such  regulation  will  injuriously  affect 
any  manufacturing  or  industrial  enterprise  which  is  not  a  public 
nuisance,  such  municipality  or  corporation  shall  pay  all  damages 
occasioned  by  the  enforcement  thereof.  Until  such  construction  or 
change  of  such'  system  or  systems  of  sewerage,  and  the  providing  of 
such  means  of  removal  or  purification  of  sewage,  and  such  works  or 
means  or  sewage  disposal  and  the  removal  of  any  building,  are  so 
made  by  the  municipality  or  corporation  owning  the  waterworks  to 
be  benefited  thereby  at  its  own  expense  there  shall  be  no  action  or 
proceeding  taken  by  such  municipality  or  corporation  against  any 
person  or  corporation  for  the  violation  of  any  regulation  of  the  State 
board  of  health  under  this  article^  and  no  pers(m  or  corporation  shall 
be  considered  to  have  violated  or  refused  to  obey  any  such  rule  or 
regulation.  The  owner  of  any  building  the  removal  of  which  is  occa- 
sioned or  required,  or  which  has  l>een  removed  by  any  rule  or  regula- 
tion of  the  State  board  of  health  made  under  the  provisions  of  this 
article,  and  all  persons  whose  rights  of  property  are  injuriously  af- 
fected by  the  enforcement  of  any  such  rule  or  regulation,  shall  have  a 
cause  of  action  against  the  municipality  or  corporation  owning  the 
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waterworks  benefited  by  the  enforcement  of  such  rule  or  regulation 
for  all  damages  occasioned  or  sustained  by  such  removal  or  enforce- 
ment, and  an  action  therefor  may  be  brought  against  such  municipal- 
ity or  corjx)ration  in  any  court  of  record  in  the  county  in  which  the 
premises  or  property  aflfected  is  situated  and  shall  be  tried  therein ;  or 
such  damages  may  be  determined  by  a  special  proceeding  in  the  su- 
preme court  or  the  county  court  of  the  county  in  which  the  property  is 
situated.  Such  special  proceedings  shall  be  commenced  by  petition 
and  notice  to  l>e  served  by  such  owner  upon  the  municipality  or  cor- 
poration in  the  same  manner  as  for  the  commencement  of  condemna- 
tion proceedings.  Such  municipality  or  corporation  may  make  and 
serve  an  answer  to  such  petition  as  in  condemnation  proceedings. 
The  petition  and  answer  shall  set  forth  the  claims  of  the  resj>ective 
parties,  and  tiie  provisions  of  the  condemnation  law  shall  be  applica- 
ble to  the  subsequent  proceedings  upon  the  petition  and  answer,  if 
any.  Either  party  may,  before  the  service  of  the  petition  or  answer, 
respectively,  offer  to  take  or  pay  a  certain  sum,  and  no  costs  shall  be 
awarded  against  either  party  unless  the  judgment  is  more  unfavora- 
ble to  him  than  his  offer. 

Sec.  72a.  Actions  by  municipalities, — Any  incorporated  city  or  vil- 
lage in  the  State  of  New  York  which  has  made  such  provision  for  the 
disposal  of  its  sewage  as  not  to  pollute  or  contaminate  therewith  any 
river,  stream,  lake,  or  other  body  of  water  may  have  and  maintain  an 
action  in  the  supreme  court  to  prevent  the  discharge  of  any  sewage  or 
substance  deleterious  to  health,  or  which  shall  injure  the  potable 
qualities  of  the  water  in  any  river,  stream,  lake,  or  other  body  of 
water  from  which  such  incorporated  city  or  village  shall  take  or 
receive  its  water  supply;  provided,  that  such  river,  stream,  lake,  or 
other  body  of  water  is  wholly  or  in  part  within  the  boundaries  of  the 
county  in  which  such  plaintiff  is  located. 

Sec.  72b.  Duty  of  supreme  court, — Whenever  such  action  shall  be 
brought  under  the  provisions  of  this  act,  it  shall  be  the  duty  of  the 
supreme  court,  upon  proof  of  the  existence  of  facts  justifying  the 
bringing  and  maintenance  of  such  action  under  the  provisions  of  this 
act,  to  render  a  judgment  in  which  shkll  be  incorporated  a  mandatory 
injunction  requiring  the  person,  body,  board,  corporation,  munici- 
pality, village,  county,  or  town  being  a  defendant  to  said  action  which 
directly  or  indirectly,  or  by  its  servants,  agents,  or  officers,  shall  dis- 
charge or  dispose  of  its  sewage  or  any  other  substance  deleterious  to 
health,  which  shall  injure  the  potable  qualities  of  the  water  in  such 
wise  as  that  the  same  shall  enter  into  any  river,  stream,  lake,  or  other 
body  of  water  from  which  such  plaintiff  shall  take  or  receive  its  water 
supply,  within  such  reasonable  time  as  may  be  prescribed  by  the 
court,  to  take  such  action  as  shall  prevent  such  discharge,  or  the  dis- 
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posal  of  such  sewagjB  or  other  substance  into  such  waters,  or  the  polhi- 
tion  thereof,  with  such  further  directions  in  the  premises  as  may  be 
proper  and  desirable  to  effect  such  purpose;  provided,  that  such  river, 
stream,  lake,  or  other  body  of  water  is  wholly  or  in  part  within  the 
boundaries  of  the  county  in  which  such  plaintiff  is  located. 

Sec.  72a  Examination  hy  State  hoard  of  health, — But  no  such 
action  shall  be  brought  as  provided  for  in  section  2  (i.  e.,  72b)  of  this 
act  until  the  State  board  of  health  has  examined  and  determine 
whether  the  sewage  does  pollute  or  contaminate  the  river,  stream* 
lake,  or  other  body  of  water  into  which  said  sewage  is  discharged. 
The  expense  of  such  examination  by  said  board  shall  be  a  charge 
upon  and  paid  by  the  municipality  in  whose  interest  and  on  whose 
behalf  such  examination  is  made. 

Sec.  72d.  Approral  of  plans, — In  case  the  State  board  of  health 
shall  find  upon  examination  that  the  discharge  of  said  sewage  does 
pollute  or  contaminate  said  waters,  or  any  of  them,  in  such  manner 
as  to  be  of  menace  or  danger  to  the  health  of  those  using  said  waters, 
the  plans  for  the  removal  or  disposal  of  the  sewage  ordered  to  be  pre- 
pared by  the  court  as  provided  in  section  2  (i.  e.,  72b)  shall  be  sub- 
mitted to  the  State  board  of  health  for  its  approval. 

[Laws  of  11)01,  vol.  3,  p.  214,  charter  of  New  York  City.l 

Sec.  481.  It  shall  not  be  lawful  for  any  person  to  throw  or  deposit, 
or  cause  to  be  thrown  or  deposited,  in  any  lake,  pond,  or  stream,  or 
in  any  aqueduct  from  or  through  which  any  part  of  the  water  supply 
of  the  city  of  New  York  shall  be  drawn,  or  either  of  the  reservoirs, 
any  dead  animal  or  other  offensive  matter  or  anything  whatever. 
Any  person  offending  against  the  provisions  of  this  section  shall  be 
deemed  guilty  of  a  misdemeanor,  and  upon  conviction  thereof  shall 
be  punished  by  fine  or  imprisonment,  or  both,  in  the  discretion  of  the 
court,  such  fine  not  to  exceed  the  sum  of  one  hundred  dollars  and 
such  imprisonment  not  to  exceed  a  period  of  three  months,  such 
imprisonment  to  be  in  the  jail  of  the  county  in  which  the  offense 
shall  have  been  committed. 

Sec.  482.  If  any  person  shall  willfully  do  or  cause  to  be  done  any 
act  whereby  any  work,  materials,  or  property  whatever,  erected  or 
used,  or  hereafter  to  be  erected  or  used,  within  the  city  or  elsewhere 
by  the  said  city,  or  by  any  person  acting  under  their  authority,  for 
the  purpose  of  procuring  or  keeping  a  supply  of  water,  shall  in  any 
maimer  be  injured,  or  shall  erect  or  place  any  nuisance  on  the  banks 
of  any  river,  lake,  or  stream  from  which  the  water  supply  of  said  city 
shall  be  drawn,  or  shall  throw  anything  into  the  aqueduct  or  into 
any  reservoir,  or  pipe,  such  person  on  conviction  thereof  shall  be 
deemed  guilty  of  a  misdemeanor. 
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Section  483  authorizes  the  commissioner  of  wat^r  supply,  gas,  and 
electricity  to  carry  out  the  provisions  of  this  act  and  to  prevent  con- 
tamination. 

Section  484  authorizes  proceedings  to  acquire  title  of  lands  neces- 
sary for  this  purpose. 

By  laws  of  1893,  chapter  661,  section  73,  the  discharge  of  sewage 
or  other  matter  deleterious  to  public  health  or  destructive  to  fish  into 
Wallkill  Creek,  in  the  cx)unties  of  Ulster  and  Orange,  is  prohibited, 
and  section  74  of  the  same  act  contains  a  similar  protection  for  the 
Susquehanna  River  or  any  of  its  tributaries  between  the  Rock  Bot- 
tom dam  in  such  river  at  the  city  of  Binghamton  and  a  point  one 
mile  east  of  the  bridge  that  crosses  such  river  at  Conklin. 

Law  of  1893  was  amended  by  an  act  passed  in  1903,  adding  the  fol- 
lowing sections : 

(Laws  of  1903,  chap.  408;  beoamo  a  law  May  7,  1003.  with  the  approval  of  the  governor; 
passed,  a  majority  being  present.  1 

AN  AC'T  to  amend  the  public  health  law  relative  to  the  discharge  of  sewage  aud 
other  refu.*<e  or  waste  matter  into  the  waters  of  this  State. 

The  people  of  the  State  of  New  Yorkj  repreaeiited  in  seiuife  and 
atiHemhly^  do  enact  a^s  follows: 

Sec.  1.  Public  health  law  amended, — Article  5  of  chapter  6G1  of  the 
laws  of  1893,  entitled  "An  act  in  relation  to  the  public  health,  con- 
stituting chapter  25  of  the  general  laws,"  as  amended  by  chapter  251 
of  the  laws  of  1899,  is  hereby  amended  by  adding  at  the  end  thereof 
the  following  new  sections: 

Sec.  75.  Discharge  of  sewage  and  other  refxise  matter  in  certain 
waters  prohibited, — No  person,  corporation,  or  municipality  shall 
place  or  cause  to  l)e  placed,  or  discharged  or  cause  to  be  discharged, 
into  any  of  the  waters  of  this  State,  unless  the  same  shall  have  been 
permitted  by  the  State  commissioner  of  health,  any  sewage,  garbage, 
oflfal,  dead  animal,  dead  fish,  dead  bird  or  part  thereof,  or  any  decom- 
posable or  putrescible  matter  of  any  kind,  or  any  substance,  chemical 
or  otherwise,  containing  the  same  in  quantities  injurious  to  the  public 
health,  or  any  refuse  or  waste  matter,  either  solid  or  liquid,  in  quan- 
tities injurious  to  the  public  health,  from  any  shop,  factory,  mill,  or 
industrial  establishment,  unless  express  permission  to  do  so  shall 
have  been  first  given  in  writing  by  the  State  conmiissioner  of  health, 
as  provided  in  this  article,  except  as  hereinafter  provided.  But  this 
act  shall  not  prevent  the  discharge  of  sewage  from  any  public  sewer 
system  owned  and  maintained  by  a  municipality,  or  the  discharge  of 
refuse  or  waste  matter  from  any  shop,  factory,  mill,  or  industrial 
establishment,  provided  such  sewer  system  was  in  operation  and  was 
discharging  sewage,  or  such  shop,  factory,  mill,  or  industrial  estab- 
lishment was  in  operation  and  discharging  refuse  or  waste  matter, 
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into  any  of  the  waters  of  this  State  at  or  prior  to  the  time  of  the  pas- 
sage of  this  act,  nor  to  any  extension  or  modification  of  such  shop, 
factory,  mill,  or  industrial  establishment,  or  reconstruction  thereof, 
provided  the  refuse  or  waste  matter  discharged  therefrom  is  not 
materially  changed  or  increased ;  but  this  exception  shall  not  permit 
amy  increase  in  the  discharge  of  such  sewage,  nor  shall  it  permit  the 
discharge  of  sewage  from  a  sewer  system  which  shall  be  extended, 
modified,  or  reconstructed  subsequent  to  the  passage  of  this  act. 

Sec.  76.  Permusion  to  discharge  sewage, — Upon  application  duly 
made  to  the  State  commissioner  of  health  by  the  public  authorities 
having  by  law  the  charge  of  the  sewer  system  of  any  municipality, 
the  State  commissioner  of  health  shall  have  power  to  consider  the 
case  of  a  sewer  system  otherwise  prohibited  by  this  act  from  dis- 
charging sewage  into  any  of  the  waters  of  the  State,  and  whenever  in 
his  opinion  the  general  interests  of  the  public  health  would  be  sub- 
served thereby  he  may  issue  a  permit  for  the  discharge  of  sewage 
from  any  such  sewer  system  into  any  of  the  watei*s  of  the  State,  and 
may  stipulate  in  the  permit  modifications,  regulations,  and  condi- 
tions on  which  such  discharge  may  be  permitted.  Such  permit  before 
being  operative  shall  be  recorded  in  the  county  clerk's  office  of  the 
county  wherein  the  outlet  of  the  said  sewer  system  is  located,  and  a 
copy  of  the  permit  shall  be  transmitted  by  the  State  commissioner  of 
liealth  to  the  board  of  health  of  the  municipality  wherein  the  outlet 
of  said  sewer  system  is  located. 

Sec.  77.  Pey^mission  to  discharge  refuse  or  waste  matter  from 
industrial  establishmrents. — Upon  application  duly  made  to  the  State 
commissioner  of  health  by  the  proprietor,  lessee,  or  tenant  of  any 
shop,  factory,  mill,  or  industrial  establishment  from  which  the  dis- 
charge or  refuse  or  waste  matter  into  any  of  the  waters  of  the  State 
is  otherwise  prohibited  by  this  act,  the  State  commissioner  of  health 
shall  have  power  to  consider  the  case  of  the  said  shop,  factory,  mill, 
or  industrial  establishment,  and  whenever  the  public  health  and 
purity  of  the  waters  shall  warrant  it  he  shall  issue  a  permit  for  the 
discharge  of  refuse  or  waste  matter  from  such  shop,  factory,  mill,  or 
industrial  establishment  into  any  of  the  waters  of  the  State,  and  may 
stipulate  in  the  permit  such  modifications,  regulations,  and  conditions 
as  the  public  health  may  require.  Such  permit,  before  being  opera- 
tive, shall  be  recorded  in  the  county  clerk's  office  of  the  county  where 
such  shop,  factory,  mill,  or  industrial  establishment  is  located,  and  a 
copy  of  such  permit  shall  be  transmitted  by  the  State  commissioner 
of  health  to  the  board  of  health  of  the  municipality  wherein  the 
outlet  discharging  refuse  or  waste  matter  from  such  shop,  factory, 
mill,  or  industrial  establishment  shall  be  located. 

Sec.  77a.  Plans  to  he  submitted, — Before  any  conduit  or  discharge 
pipe  or  other  means  of  discharging  or  casting  any  refuse  or  waste 
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matter  from  any  shop,  factory,  mill,  or  industrial  establishment  not 
constructed  or  in  process  of  construction  when  this  act  takes  effect 
shall  be  put  in  or  constructed  for  the  purpose  of  discharging  any 
refuse  or  waste  matter  therefrom  into  any  waters  in  this  State,  the 
plan  or  plans  therefor,  together  with  a  statement  of  the  purpose  for 
which  the  same  is  to  be  used,  shall  be  submitted  to  the  conmiissioner. 
If  the  same  is  not  detrimental  to  the  public  health  he  shall  issue  a 
permit  therefor  to  the  applicant.  No  such  conduit,  discharge  pipe, 
or  other  means  of  discharging  or  casting  any  refu3!&  or  waste  matter 
from  any  such  shop,  factory,  mill,  or  establishment  into  any  of  the 
waters  of  this  State  shall  be  put  in  or  constructed  before  such  permit 
is  granted,  and  if  put  in  or  constructed  the  person  putting  in  or  con- 
structing or  maintaining  the  same  shall  forfeit  to  the  people  of  the 
State  five  dollars  a  day  for  each  day  the  same  is  used  or  maintained 
for  such  purpose,  to  be  collected  in  an  action  brought  by  the  commis- 
sioner. He  may  also  maintain  an  action  in  the  name  of  the  people  to 
restrain  a  violation  of  this  section. 

Sec.  78.  Reroratioii  of  permit, — Every  such  permit  for  the  dis- 
charge of  sewage  from  a  sewer  system  or  for  the  discharge  of  refuse 
or  waste  matter  from  a  shop,  factory,  mill,  or  industrial  establish- 
ment shall,  when  necessary  to  conserve  the  public  health,  be  revocable 
or  subject  to  modification  or  change  by  the  State  commissioner  of 
health  on  due  notice  after  an  investigation  and  hearing  and  an  oppor- 
tunity for  all  interested  therein  to  be  heard  thereon  being  served  on 
the  public  authorities  of  the  municipality  owning  and  maintaining 
the  sewage  system,  or  on  the  proprietor,  lessee,  or  tenant  of  the  shop, 
factory,  mill,  or  industrial  establishment.  The  length  of  the  time 
after  receipt  of  the  notice  within  which  the  discharge  of  sewage  or 
of  refuse  or  waste  matter  shall  be  discontinued  may  be  stated  in  the 
permit,  but  in  no  case  shall  it  exceed  two  years  in  the  case  of  a  sewer 
system  nor  one  year  in  the  case  of  a  shop,  factory,  mill,  or  industrial 
establishment,  and  if  the  length  of  time  is  not  specified  in  the  permit 
it  shall  be  one  year  in  the  case  of  a  sewer  system  and  six  months  in 
the  case  of  a  shop,  factory,  mill,  or  industrial  establishment.  On 
the  expiration  of  the  period  of  time  prescribed  after  the  service  of  a 
notice  of  revocation,  modification,  or  change  from  the  State  com- 
missioner of  health,  the  right  to  discharge  sewage  or  refuse  or  waste 
matter  into  any  of  the  waters  of  the  State  shall  cease  and  terminate, 
and  the  prohibition  of  this  act  against  such  discharge  shall  be  in  fidl 
force  as  though  no  permit  had  been  granted,  but  a  new  permit  may 
thereafter  again  be  granted  as  hereinbefore  provided. 

Sec.  79.  Reports  of  municipal  authorities  to  local  hoards  of  health, — 
It  shall  be  the  duty  of  the  public  authorities  having  by  law  charge  of 
the  sewer  system  of  every  municipality  in  the  State,  from  which  sewer 
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system  sewage  was  being  discharged  into  any  of  the  waters  of  the 
State  at  the  time  of  the  passage  of  this  act,  to  file  with  the  board  of 
health  of  the  municipality  within  which  any  sewer  outlet  of  the  said 
sewer  system  is  located  and  within  sixty  days  after  the  passage  of 
this  act  a  report  of  each  sewer  system  having  an  outlet  within  the 
municipality,  which  report  shall  comprise  such  facts  and  information 
as  the  State  commissioner  of  health  may  require  and  on  blanks  or 
forms  to  be  furnished  by  hun  on  application.  The  board  of  health 
of  each  municipality  being  satisfied  as  to  the  correctness  and  com- 
pleteness of  each  report  submitted  to  it  shall  withift  thirty  days  after 
its  receipt  certify  the  same  and  transmit  it  to  the  State  commissioner 
of  health.  Such  report  when  satisfactory  to  the  State  commissioner 
of  health  shall  be  filed  by  him  in  his  office  and  shall  constitute  the 
evidence  of  exemption  from  the  prohibition  of  this  act.  No  sewer 
system  shall  be  exempt  from  the  prohibition  of  this  act  against  the 
discharge  of  sewage  into  the  waters  of  the  State  for  which  a  satis- 
factory report  shall  not  be  filed  in  the  office  of  the  State  commissioner 
of  health  in  accordance  w  ith  this  section. 

Sec.  79a.  Reports  of  proprietom  of  indvstrial  estahlUhmenU, — It 
shall  be  the  duty  of  the  proprietor  of  every  shop,  factory,  mill,  and 
industrial  establishment  in  the  State  from  which  refuse  or  waste  mat- 
ter was  being  discharged  into  any  of  the  waters  of  the  State  at  the 
time  of  the  passage  of  this  act  to  file  with  the  State  commissioner  of 
health  within  sixty  days  after  the  passage  of  this  act  a  report  of  each 
shop,  factory,  mill,  and  industrial  establishment  from  which  refuse 
or  waste  matter  was  being  discharged  through  an  outlet  within  the 
municipality  at  the  time  of  the  passage  of  this  act,  which  report  shall 
comprise  such  facts  and  information  in  regard  to  the  size,  location, 
and  character  of  shop,  factory,  mill,  or  industrial  establishment,  the 
machinery  in  use  therein,  and  the  character  and  quantity  of  goods 
produced  as  the  State  commissioner  of  health  may  require  and  on 
blanks  or  forms  to  be  furnished  by  him  on  application.  Such  report 
shall  be  filed  by  him  in  his  office,  and  shall  constitute  the  evidence  of 
exemption  of  the  shop,  factory,  mill,  or  industrial  establishment  from 
the  prohibition  of  this  act.  No  shop,  factory,  mill,  or  industrial  estab- 
lishment shall  be  exempt  from  the  prohibition  of  this  act  against  the 
discharge  of  refuse  or  waste  matter  into  the  waters  of  the  State,  for 
which  a  report  shall  not  be  made  as  required  by  the  State  commis- 
sioner of  health  in  accordance  with  this  section. 

Sec.  79b.  Record  of  permits;  inspection  of  load  boards  of  health. — 
Each  board  of  health  shall  preserve  in  its  office,  and  in  a  form  to  be 
prescribed  by  the  State  commissioner  of  health,  a  permanent  record 
of  each  permit  issued  by  the  State  commissioner  of  healtlj  granting 
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the  right  to  discharge  sewage  or  refuse  or  waste  matter  into  any  df 
the  waters  of  the  State  within  that  municipality  and  of  each  revoca- 
tion of  a  permit ;  and  also  a  permanent  record  of  each  report  received 
by  the  board  of  health  concerning  each  sewer  system  and  each  shop, 
factory,  mill,  or  industrial  establishment  which  at  the  time  of  the  pas- 
sage of  this  act  was  discharging  sewage  or  refuse  or  waste  matter  into 
any  of  the  watei-s  of  the  State  within  that  municipality.  Each  local 
board  of  health  shall  make  and  maintain  such  inspection  as  will  at  all 
times  enable  it  to  determine  whether  this  act  is  being  complied  with 
in  respect  to  the  discharge  of  sewage,  refuse,  or  waste  matter  or  other 
materials  prohibited  by  this  act  into  any  of  the  waters  of  the  State 
within  that  municipality.  For  the  purpose  of  such  inspection  every 
member  of  such  l)oard  of  health,  or  its  health  officers,  or  any  person 
duly  authorized  by  it,  shall  have  the  right  to  make  all  necessary 
examinations  of  any  premises,  building,  shop,  factory,  mill,  industrial 
establishment,  process,  or  sewage  system. 

Spc.  79c.  Violations;  service  of  notire;  actions  by  local  hoards.— 
The  local  l)oard  of  health  of  each  municipality  shall  promptly  ascer- 
tain every  violation  of  or  noncompliance  with  any  of  the  provisions 
of  this  act  or  of  the  permits  for  the  discharge  of  sewage  or  refuse  or 
waste  material  into  any  of  the  waters  of  the  State  herein  provided 
which  may  occur  within  that  municipality.  The  board  of  health 
shall,  on  the  discovery  of  every  violation  of  or  noncompliance  with 
any  of  the  provisions  of  this  act  or  of  any  permit  duly  issued,  serve  a 
written  notice  on  the  person  or  corporation  responsible  for  the  viola- 
tion or  noncompliance,  together  with  a  copy  of  this  act  and  of  the 
permit,  if  any,  violated  or  noncomplied  with,  specifying  the  particu- 
lar provision  being  violated  or  noncomplied  with,  and  stipulating  the 
length  of  time  within  which  the  violation  or  noncompliance  must 
cease.  If  at  the  expiration  of  the  stipulated  length  of  time  the  Eo- 
lation or  noncompliance  shall  still  continue,  the  board  of  health  shall 
at  once  report  the  violation  and  noncompliance  to  the  State  commis- 
sioner of  health,  who  shall  at  once  give  a  hearing  to  and  take  the 
proof  of  the  persons  charged  with  such  violation  or  noncompliance 
and  investigate  the  matter,  and  if  he  finds  a  violation  or  noncom- 
pliance to  exist  he  shall  at  once  'certify  the  fact  to  the  board  of 
health  of  the  municipality,  which  shall  immediately  bring  an  action 
in  a  court  of  record,  which  action  shall  he  tried  in  the  county  wherein 
the  cause  of  action  arose  against  the  person  or  corporation  respon- 
sible for  the  violation  or  the  noncompliance  for  the  recovery  of  the 
penalties  incurred  and  for  an  injunction  against  the  continuation  of 
the  violation  or  the  noncompliance. 

Sec.  T^d.  Penalties, — The  penalty  for  the  discharge  of  sewage 
from  any  public  sewer  system  into  any  of  the  watei*s  of  the  State 
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without  a  duly  issued  permit  for  which  a  permit  is  required  by  this 
act  shall  be. five  hundred  dollars,  and  a  further  penalty  of  fifty 
dollars  per  day  for  each  day  the  offence  is  maintained.  The  pen- 
alty for  the  discharge  of  sewage  from  any  public  sewer  system 
into  any  of  the  waters  of  the  State  without  filing  a  report  for  which 
a  report  is  required  to  be  filed  with  the  board  of  health  of  the  mu- 
nicipality shall  be  fifty  dollars.  The  penalty  for  the  discharge  of 
refuse  or  waste  matter  from  any  shop,  factory,  mill,  or  industrial 
establishment  for  which  a  permit  is  required  by  this  act  without  such 
permit  shall  be  one  hundred  dollars  and  ten  dollars  a  day  for  each 
day  the  offence  is  maintained.  The  penalty  for  the  discharge  of 
refuse  or  waste  matter  from  any  shop,  mill,  factory,  or  industrial 
establishment  without  filing  a  report  where  a  report  is  required  by 
this  act  to  he  filed  shall  be  twenty-five  dollars  and  five  dollars  per  day 
for  each  day  the  offence  is  maintained.  The  penalty  for  discharging 
into  any  of  the  waters  of  the  State  any  other  matter  prohibited  by 
this  act  bedsides  that  specified  above  shall  be  twenty-five  dollars  and 
five  dollars  per  day  for  each  day  the  offence  is  maintained. 

Sec.  2.  Common-luiv  rights  not  affected. — Nothing  in  this  act  shall 
be  construed  to  diminish  or  otherwise  to  modify  the  common-law 
rights  of  riparian  owners  in  the  quality  of  waters  of  streams  covered 
by  such  rights,  nor  in  the  case  of  actions  brought  against  the  pollu- 
tion of  waters  to  limit  their  remedy  to  indemnities. 

Sec.  3.  This  act  shall  take  effect  immediately. 

[Laws  of  1905,  chap.  454.] 

AN  ACT  refrulatlng  the  sanitary  condition  of  bathing  establishments,  and  amending 
section  two  hundred  and  twelve  of  chapter  twenty-flve  of  the  general  public  health 
laws,  ns  amended  by  the  laws  of  eighteen  hundred  and  ninety-three :  being  renum- 
l)ered  by  the  laws  of  nineteen  hundred,  chapter  six  hundred  and  sixty-seven  :  number 
of  section  being  originally  two  hundred  and  two. 

Section  1.  Section  two  hundred  and  twelve  of  chapter  twenty-five 
of  the  general  public  health  laws,  as  amended  by  the  laws  of  eighteen 
hundred  and  ninety-three,  is  hereby  amended  so  as  to  read  as  follows : 

§  212.  Regvlating  the  sanitary  condition  of  hathhxg  ef^tahJishments 
and  the  preservation  of  life  at  bathing  places. — It  shall  l)e  unlawful 
for  any  person  to  maintain,  either  as  owner  or  lessee,  any  bathing 
establishment  of  any  kind,  in  this  state,  for  the  accommodation  of 
persons,  for  pay,  or  any  consideration,  at  a  point  less  than  five  hun- 
dred feet  from  any  sewer  connection  emptying  therein,  or  thereat,  so 
as  to  pollute  in  any  way,  the  waters  used  by  those  using  or  hiring 
bathing  houses  at  such  bathing  establishments;  it  shall  Ih»  the  duty 
of  such  owner  or  lessee  to  provide  separate  toik»t  rooms,  with  water- 
closets  proi)erly  provided  with  sanitary  plumbing,  constructed  in  a 
manner  approved  by  the  local  board  of  health  and  in  such  a  way  as 
not  to  contaminate  the  waters  used  by  the  bathers:    it  shall  also  bc» 
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the  duty  of  such  owner  or  lessee  to  thoroughly  wash  and  disinfect,  or 
cause  to  be  thoroughly  washed  and  disinfected,  in  a  manner  approved 
by  the  local  board  of  health,  all  bathing  suits  that  have  been  hired  or 
used,  before  rehiring  or  permitting  the  use  of  the  same  again.  Any 
person  or  persons  violating  any  of  the  provisions  of  this  section  shall 
forfeit  and  pay  a  penahy  of  not  less  than  fifty  dollars  nor  more 
than  two  hundred  dollars  to  be  recovered  by  the  sheriff  of  the 
county  in  which  such  violation  is  committed,  except  in  the  city  of 
New  York,  when  the  i>eiialty  shall  be  sued  for  in  the  name  of  the 
department  of  health  of  the  city  of  New  York  and  collected  by  it. 
It  shall  be  the  duty  of  the  sheriflfs  and  constables  of  the  several  coun- 
ties of  this  State  abutting  upon  the  seashore,  to  see  that  in  their 
respective  counties  the  provisions  of  this  section  are  enforced,  and  to 
bring  suit  for  the  recovery  of  the  penalty  therein  provided,  unless 
some  other  person  had  already  brought  suit  for  the  same.  A  sepa- 
rate penalty  may  bt»  recovered  for  each  day  that  any  person  subject 
to  the  provisions  of  this  section  may  violate  any  of  the  provisions  of 
the  same;  but  no  penalty  shall  l>e  recovered  for  any  other  violation 
thereof  than  shall  have  occurred  during  the  days  when  the  owner  or 
lessee,  or  other  person  or  j^ersons,  maintaining  the  said  bathing  estab- 
lishments, shall  have  kept  the  same  open  for  the  use  of  the  public,  or 
for  such  persons  as  may  be  the  guests  of  any  hotel  that  such  bathing 
establishments  may  be  connected  with.  The  owner  of  a  bathing 
house  shall  not  be  subject  to  the  provisions  of  this  section  when  it  is 
used,  occupied  or  maintained  by  a  lessee  for  hire,  but  such  lessee 
shall  be  deemed  the  keeper  or  proprietor  or  person  or  persons  main- 
taining such  bathing  establishment  thereof.  Nothing  in  this  section 
shall  be  construed,  in  any  to  affect  any  bathing  establishments,  in  an^- 
city  or  municipality,  at  which  there  is  maintained  at  public  expense  a 
life-saving  guard. 

§  2.  This  act  .shall  take  effect  the  first  day  of  June,  nineteen  hun- 
dred and  five. 

Approved,  May  IG,  1005. 

PENNSYLVANIA. 

[I'epper  and  Lewis  Digest,  Hupplement,  p.  08.) 

Burial.  Sec.  7. — Pollution  of  wafer  by  vse  of  l<ind  for  burial  pur- 
poses prohibited. — That  it  shall  be  unlawful  to  use  for  the  burial  of 
the  dead  any  land  the  drainage  from  which  passes  into  any  stream 
furnishing  the  whole  or  any  portion  of  the  water  supply  of  any  city, 
except  l)eyond  the  distance  of  one  mile  from  such  city :  Provided^  how- 
eeer^  That  the  prohibitions  of  this  act  shall  not  be  enforceable  against 
any  land  now  devoted  to  burial  purposes  in  which  there  shall  have 
heretofore  been  burials  and  sales  of  burial  lots. 

Nuisances.     Same,  col.  253. 
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Sec.  27. — Penalty  f&t'  pollution  of  ivater  med  for  drinking  pur- 
poses.— Any  person  who  shall  wilfully  enter  upon  the  enclcsed  land 
of  any  company  incorporated  under  the  laws  of  this  Commonwealth 
for  the  purpose  of  supplying  water  to  the  public  for  drinking  pur- 
poses, on  which  land  is  erected  any  dam,  reservoir,  pond,  or  other 
artificial  means  for  storing  water,  and  pollute  or  attempt  to  pollute 
the  water  on  such  land,  shall  be  deemed,  and  the  same  is  hereby 
declared  to  be,  a  misdemeanor,  and  may  be  prosecuted  and  convicted 
as  such  under  the  laws  of  this  Commonwealth,  and  on  conviction 
thereof  in  the  court  of  quarter  sessions  of  the  proper  county  shall  be 
fined  not  exceeding  fifty  dollars,  and  imprisoned  not  exceeding  sixty 
days. 

Sec.  28. — Offender  to  he  arrested  on  view, — ^That  any  duly  consti- 
tuted watchman  of  any  such  water  company,  or  any  constable  or 
policeman,  is  hereby  authorized  and  empowered,  upon  his  own  view 
of  any  such  trespass,  to  make  arrests  and  bring  before  any  alderman 
or  magistrate  of  the  proper  county  offenders  found  violating  the  pro- 
visions of  this  act. 

[I41W8  of  lfK)r>,  No.   182.) 

AN  ACT  to  preserve  the  purity  of  tlie  waters  of  the  State,  for  the  protection 

of  the  puhli(»  health. 

Sec.  1.  Be  it  enacted^  rf*^.,  That  the  term  "  waters  of  the  State," 
wherever  used  in  this  act,  shall  include  all  streams  and  springs,  and 
all  bodies  of  surface  and  of  ground  water,  whether  natural  or  arti- 
ficial, within  the  boundaries  of  the  State. 

Sec.  2.  Every  municipal  corporation,  private  corporation,  com- 
pany, and  individual  supplying  or  authorized  to  supply  water  to  the 
public,  within  the  State,  shall,  within  sixty  days  after  the  passage  of 
this  act,  file  with  the  commissioner  of  health  a  certified  copy  of  the 
plans  and  surveys  of  the  waterworks,  with  a  description  of  the 
source  from  which  the  supply  of  water  is  derived;  and  no  additional 
source  of  supply  shall  thereafter  l>e  used  without  a  written  permit 
from  the  commissioner  of  health,  as  hereinafter  provided. 

Sec.  3.  No  municipal  corporation,  private  corporation,  company, 
or  individual  shall  construct  waterworks  for  the  supply  of  water  to 
the  public  within  the  State,  or  extend  the  same,  without  a  written 
permit,  to  be  obtained  from  the  commissioner  of  health,  if,  in  his 
judgment,  the  proposed  source  of  supply  appears  to  be  not  prejudicial 
to  the  public  health.  The  application  for  such  permit  must  be  ac- 
companied by  a  certified  copy  of  the  plans  and  surveys  for  such  water- 
works, or  extension  thereof,  with  a  description  of  the  source  from 
which  it  is  proposed  to  derive  the  supply;  and  no  additional  source 
of  supply  shall  subsequently  be  us(»d  for  any  such  waterworks  with- 
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out  a  similar  i>ermit  from  the  commissioner  of  health.  WTien  applica- 
tion shall  be  made  for  a  permit  under  either  of  the  above  provisions 
of  this  section,  it  shall  lx»  the  duty  of  the  commissioner  to  proceed  to 
examine  the  application  without  delay,  and,  as  soon  as  possible,  he 
shall  make  a  decision,  in  writing;  and,  within  thirty  days  after  such 
decision,  the  corporation,  company,  or  individual  making  such  appli- 
cation may  appeal  to  any  court  of  common  pleas  of  the  county,  and 
said  court  shall,  without  delay,  hear  the  appeal,  and  shall  make  an 
order  approving,  sc»tting  aside,  or  modifying  such  decision,  or  fixing 
the  terms  upon  which  said  permit  shall  be  granted.  The  penalty  for 
failure  to  file  copies  of  plans,  surveys,  and  descriptions  of  existing 
waterworks  within  the  time  hereinl)efore  fixed,  and  for  the  construc- 
tion or  extension  of  waterworks,  or  the  use  of  an  additional  source 
of  supply  without  a  permit  from  the  commissioner  of  health,  shall 
be  five  hundred  dollars,  and  further  penalty  of  fifty  dollars  f>er  day 
for  each  day  that  the  works  are  in  operation  contrary  to  the  pro- 
visions of  this  act,  recoverable  by  the  Commonwealth,  at  the  suit  of 
the  commissioner  of  health,  as  debts  of  like  amount  are  recoverable 
by  law. 

Sec.  4.  No  person,  corporation,  or  municipality  shall  place,  or  per- 
mit to  be  placed,  or  discharge,  or  permit  to  flow  into  any  of  the 
waters  of  the  State,  any  sewage,  except  as  hereinafter  provided.  But 
this  act  shall  not  apply  to  waters  pumped  or  flowing  from  coal  mines 
or  tanneries,  nor  prevent  the  discharge  of  sewage  from  any  public 
sewer  system,  owned  and  maintained  by  a  municipality,  provided 
such  sewer  system  was  in  operation  and  was  discharging  sewage  into 
any  waters  of  the  State  at  the  time  of  the  passage  of  this  act.  But 
this  exception  shall  not  permit  the  discharge  of  sewage  from  the 
sewer  system  which  shall  be  extended  subsequent  to  the  passage  of 
this  act. 

For  the  purpose  of  this  act,  sewage  shall  be  defined  as  any  substance 
that  contains  any  of  the  waste  products,  or  excrement itioiis  or  other 
discharges  from  the  lK)dies  of  human  beings  or  animals. 

Sec.  5.  Upon  application  duly  made  to  the  commissioner  of  health, 
by  the  public  authorities  having  by  law  the  charge  of  the  sewer  sys- 
tem of  any  municipality,  the  governor  of  the  State,  the  attorney-gen- 
eral, and  the  conunissioner  of  health  shall  consider  the  case  of  such 
a  sewer  system,  otherwise  prohibited  by  this  act  from  discharging 
sewage  into  any  of  the  waters  of  the  State,  and,  whenever  it  is  their 
unanimous  opinion  that  the  general  interests  of  the  public  health 
would  be  subserved  thereby,  the  conunissioner  of  health  may  issue 
a  permit  for  the  discharge  of  sewage  from  any  such  sewer  system 
into  any  of  the  waters  of  the  State,  and  may  stipulate  in  the  permit 
the  conditions  on  which  such  discharge  may  be  permitted.     Such  per- 
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mit,  before  being  operative,  shall  be  recorded  in  the  office  of  the  re- 
corder of  deeds  for  the  county  wherein  the  outlet  of  the  said  sewer 
j^ystem  is  located.  Every  such  permit  for  the  discharge  of  sewage 
from  a  sewer  system  shall  be  revokable,  or  subject  to  modification  and 
change,  by  the  commissioner  of  health,  on  due  notice,  after  an  inves- 
tigation and  hearing,  and  an  opportunity  for  all  interested  therein  to 
be  heard  thereon  being  served  on  the  public  authorities  of  the  munic- 
ipality owning,  maintaining,  or  using  the  sewage  system.  The  length 
of  time  after  receipt  of  the  notice  within  which  the  discharge  of 
sewage  shall  be  discontinued  may  be  stated  in  the  permit,  but  in  no 
case  shall  it  be  less  than  one  year  or  exceed  two  years,  and  if  the 
length  of  time  is  not  specified  in  the  permit  it  shall  be  one  year.  On 
the  expiration  of  the  period  of  time  prescribed,  after  the  service  of  a 
notice  of  revocation,  modification,  or  change,  from  the  commissioner 
of  health,  the  right  to  discharge  sewage  into  any  of  the  waters  of  the 
State  shall  cease  and  terminate;  and  the  prohibition  of  this  act 
against  such  discharge  shall  be  in  full  force,  as  though  no  permit  had 
been  granted,  but  a  new  permit  may  thereafter  again  be  granted,  as 
hereinbefore  provided. 

Sec.  C.  It  shall  be  the  duty  of  the  public  authorities  having  by 
law  charge  of  the  sewer  system  of  every  municipality  in  the  State 
from  which  sewage  was  being  discharged  into  any  of  the  waters  of 
the  State  at  the  time  of  the  passage  of  this  act,  to  file  with  the 
commissioner  of  health,  within  four  months  after  the  passage  of 
this  act,  a  report  of  such  sewer  system,  which  shall  comprise  such 
facts  and  information  as  the  commissioner  of  health  may  require. 
No  sewer  system  shall  he  exempt  from  the  provisions  of  this  act 
against  the  discharge  of  sewage  into  the  waters  of  the  State  for 
which  a  satisfactory  report  shall  not  be  filed  with  the  commissioner 
of  health  in  accordance  with  this  section. 

Sec.  7.  The  penalty  for  the  discharge  of  sewage  from  any  public 
sewer  system  into  any  of  the  waters  of  the  State  without  a  duly 
issued  permit  in  any  case  in  which  a  permit  is  required  by  this  act 
shall  be  five  hundred  dollars,  and  a  further  penalty  of  fifty  dollars 
per  day  for  each  day  the  offense  is  maintained,  recoverable  by  the 
Commonwealth  at  the  suit  of  the  commissioner  of  health  as  debts  of 
like  amount  are  recoverable  by  law.  The  penalty  for  the  discharge 
of  sewage  from  any  public  sewer  system  into  any  of  the  waters  of 
the  State  without  filing  a  report,  in  any  case  in  which  a  report  is 
required  to  be  filed,  shall  be  fifty  dollars,  recoverable  by  a  like  suit. 

Sec.  8.  All  individuals,  private  corporations,  and  companies  that, 
at  the  time  of  the  passage  of  this  act,  are  discharging  sewage  into 
any  of  the  waters  of  the  State  may  continue  to  discharge  such  sew- 
age unless,  in  the  opinion  of  the  commissioner  of  health,  the  discharge 
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of  such  sewag:e  may  become  injurious  to  the  public  health.  If  at 
any  time  the  commissioner  of  health  considers  that  the  discharge  of 
such  sewage  into  any  of  the  waters  of  the  State  may  become  injurious 
to  the  public  health  he  may  order  the  discharge  of  such  sewage 
discontinued. 

Sec.  9.  Every  individual,  private  corporation,  or  company  shall 
discontinue  the  discharge  of  sewage  into  any  of  the  waters  of  the 
State  within  ten  days  after  having  been  so  ordered  by  the  commis- 
sioner of  health. 

Sec.  10.  Any  individual,  private  corporation,  or  company  that 
shall  discharge  sewage,  or  pennit  the  same  to  flow,  into  the  waters 
of  the  State  contrary  to  the  provisions  of  this  act  shall  be  deemed 
guilty  of  a  misdemeanor,  and  shall  upon  conviction  be  punished  by 
a  fine  of  twenty-five  dollars  for  each  offense  and  a  further  fine  of 
five  dollars  per  day  for  each  day  the  offense  is  maintained,  or  by 
imprisonment  not  exceeding  one  month,  or  l>oth,  at  the  discretion  of 
the  court. 

Sec.  11.  Any  order  or  decision,  under  this  act,  of  the  conmiiasioner 
of  health,  or  that  of  the  governor,  attorney-general,  and  commis- 
sioner of  health,  shall  be  subject  to  an  appeal  to  any  court  of  com- 
mon pleas  of  the  county  wherein  the  outlet  of  such  sewer  or  sewer 
system,  otherwise  prohibited  by  this  act,  is  situated;  and  said  court 
shall  have  power  to  hear  said  appeal,  and  may  affirm  or  set  aside 
said  order  or  decision,  or  modify  the  same,  or  othen^nse  fix  the  terms 
upon  which  permission  shall  be.  granted.  But  the  order  or  decision 
appealed  from  shall  not  be  superseded  by  the  appeal,  but  shall  stand 
until  the  order  of  the  court,  as  above. 

Approved  the  22d  day  of  April,  A.  D.  1905. 

[Laws  of  1905,  No.  223.] 

AN  ACT  nutliorizlng  and  empowering  cities,  owning  and  operating  waterworks 
systems,  to  enter,  by  any  of  Its  employes,  upon  private  lands  through  which 
may  |)as8  any  stream  or  streams  of  water  supplying  such  cities,  for  the  pur- 
pose of  patrolling  the  drainage  area,  and  making  Investigations  or  Inquiries 
I)ertaining  to  the  condition  of  the  stream  or  streams,  sanitary  or  otherwise. 

Sec.  1.  Be  it  enacted^  dbe,^  That  any  city  owning  and  operating  a 
waterworks  system  is  hereby  authorized  and  empowered  to  enter,  by 
any  of  its  employes,  upon  private  lands  through  which  may  pass 
any  stream  or  streams  of  water  supplying  such  city,  for  the  purpose 
of  patrolling  the  drainage  area  of  such  stream  or  streams,  and  making 
investigations  or  inquiries  pertaining  to  the  condition  of  the  stream  or 
streams,  sanitary  or  otherwise;  Provided,  however,  That  any  injury 
or  damage  done  to  the  property  so  entered  upon  shall  be  paid  by  such 
city. 

Approved  the  2d  day  of  May,  A.  D.  1905. 
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VERMONT. 
[Statotes,  1894,  p.  842,  Treservatlon  of  public  health.] 

Sec.  4695.  If  any  person  puts  or  causes  to  be  put  a  dead  animal  or 
animal  substance  into  or  upon  the  bank  of  a  lake,  pond,  running 
stream,  or  spring  of  water  so  that  it  is  drawn  or  washed  into  the  same, 
and  suflFers  it  to  remain  therein,  he  shall  be  fined  not  more  than  twenty 
dollars  and  not  less  than  five  dollars. 

[Laws  of  1898,  No.  150,  p.  115.] 

AN  ACT  in  amendment  of  act  No.  137  of  the  acts  of  1894,  relating  to  pollution  of 
the  waters  of  Mlssisquol  River. 

It  im  hereby  enacted  hy  the  general  asnemhly  of  the  State  of  Ver- 
mont : 

Section  1,  number  137,  of  the  public  acts  of  1894,  is  hereby 
amended  so  as  to  read  as  follows:  "A  person  owning  or  operating  a 
mill  who  shall  by  himself  or  his  agent  deposit  or  suffer  to  be  deposited 
any  sawdust,  shavings,  or  any  mill  refuse  in  the  waters  of  the  Missis- 
quoi  River  above  Enosburgh  Falls,  or  in  any  of  the  tributaries  of  said 
Missisquoi  River  above  Enosburgh  Falls,  shall  be  fined  not  less  than 
twenty  dollars  nor  more  than  one  hundred  dollars,  in  the  discretion 
of  the  court,  for  each  offence." 

Sec.  2.  This  act  shall  take  effect  from  March  l.st,  1899.  Approved 
November  16th,  1898. 

[Laws  of  1902,   No.   115.   p.    144.] 

AN  ACT  to  prevent  the  pollution  of  the  sources  of  water  supply,  ns  amended  by 

No.  141,  Laws  of  1904. 

It  is  hereby  enacted  hy  the  general  amemhly  of  the  State  of  Ver- 
mont: 

Section  1.  The  State  lK)ard  of  health  shall  have  the  general  over- 
sight and  care  of  all  waters,  streams,  and  ponds  used  by  any  cities, 
towns,  villages,  or  public  institutions,  or  by  any  water  or  ice  compa- 
nies in  this  State  as  sources  of  water  supply,  and  of  all  springs, 
.stream.s,  and  water  co\irses  tributary  thereto.  It  shall  have  power  to 
call  for,  and  when  it  calls  for  it  shall  be  provided  with  maps,  plans, 
and  documents  suitable  for  such  purposes,  at  the  expense  of  such  city, 
town,  village,  public  institution,  water  or  ice  company,  and  shall  keep 
records  of  all  its  transactions  relative  thereto. 

Said  board  shall  have  authority  to  prohibit  a~ny  town,  city,  village, 
public  institution,  individual  or  water  or  ice  company  from  using 
water  or  ice  from  any  given  source  whenever  in  its  opinion  the  same 
is  so  contaminated,  unwholesome  and  impure  that  the  use  thereof 
endangers  the  public  health.     And  the  court  of  chancery  shall  have 


Digitized  by  VjOOQIC 


188  LAWS    FORBIDDING    INLAND-WATER    POLLUTION.  [No.  152. 

jurisdiction  and  power,  upon  application  therefor  by  the  State  board 
of  heaUh,  to  enforce  by  proper  order  and  decree  any  order,  rule  or 
re^ilation  which  said  board  may  make  under  and  by  virtue  of  this 
section. 

Sec.  2.  Said  board  may  cause  examinations  of  such  waters  to  be 
made  to  ascertain  the  purity  and  fitness  for  domestic  use,  or  their 
liability  to  impair  the  interests  of  the  public  or  of  persons  lawfully 
using  them  or  to  imperil  the  public  health.  It  may  make  rules  and 
regulations  to  prevent  the  pollution  and  to  secure  the  sanitary  pro- 
tection of  all  such  waters  as  are  used  as  sources  of  water  supply. 

Sec.  3.  The  publication  of  an  order,  rule,  or  regulation  made  by 
the  board  under  the  provisions  of  sec.  2  or  sec.  6  hereof,  in  the  news- 
pa[)er  of  any  town  or  village  in  which  such  order,  rule,  or  regulation 
is  to  take  effect,  or  if  no  newspaper  is  published  in  such  city,  town, 
or  village,  the  posting  of  a  copy  of  such  order,  rule,  or  regulation  in 
three  public  places  in  such  city,  town,  or  village,  shall  be  legal  notice 
to  all  persons,  and  an  affidavit  of  such  publication  or  posting  by  the 
persons  causing  such  to  be  published  or  posted,  filed,  and  recorded 
with  a  copy  of  the  notice  in  the  office  of  the  clerk  of  such  city,  town, 
or  village  shall  be  admitted  as  evidence  of  the  time  at  which  and  the 
place  and  manner  in  which  the  notice  was  given. 

Sec.  4.  Said  board  shall  include  in  its  biennial  report  to  the  gen- 
eral assembly  its  doings  for  the  preceding  biennial  term,  and  shall 
reconnnend  measures  for  the  prevention  of  the  pollution  of  such 
waters  and  for  the  removal  of  polluting  substances  in  order  to  pro- 
tect and  develop  the  rights  and  property  of  the  State  therein,  and  to 
protect  the  public  health,  and  shall  recommend  any  legislation  or 
plans  for  systems  of  main  sewers  necessary  for  the  preservation  of 
the  public  health  and  for  the  purification  and  prevention  of  pollution 
of  the  ponds,  streams,  and  waters  of  the  State.  It  shall  also  give 
notice  to  the  State's  attorney  for  the  county  wherein  any  vi9lation  of 
the  law  relative  to  the  pollution  of  the  water  supplies  occurs.  It 
shall  have  the  power  to  employ  such  expert  assistants  as  it  considers 
necessary. 

Sec.  5.  Cities,  towns,  villages,  and  persons  shall  submit  to  said 
board  for  its  advice  their  proposed  systems  of  public  water  supply  or 
for  the  disposal  of  drainage  or  sewage.  Said  board  shall  consult 
with  and  advise  the  authorities  of  the  cities,  towns,  villages,  and 
persons  having  or  about  to  have  systems  of  public  water  supply, 
drainage,  or  sewage,  as  to  the  most  appropriate  sources  of  water 
supply,  and  the  best  methods  of  assuring  its  purity  or  as  to  the  best 
methods  of  disposing  of  their  drainage  or  sewage,  with  reference 
to  the  existing  and  future  needs  of  other  cities,  towns,  villages,  or 
persons  which  may  be  affected  thereby.  It  shall  also  consult  with 
and  advise  persons  engaged  or  intending  to  engage  in  any  manu- 
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facturing  or  other  business  whose  drainage  or  sewage  may  tend  to 
pollute  any  water  or  source  of  water  supply  as  to  the  best  method 
o£  preventing  such  pollution,  and  it  may  conduct  exijeriments  to 
determine  the  best  methods  of  purification  or  disposal  of  drainage 
or  sewage.  Xo  person  shall  be  required  to  l>ear  the  expense  of  such 
consultation,  advice,  or  experiments.  In  this  section  the  term 
''  drainage  "  means  the  rainfall,  surface,  and  subsoil  water  only,  and 
^^  sewage  ''  means  domestic  and  manufacturing  filth  and  refuse. 

Sec.  6.  Upon  petition  to  said  board  by  the  mayor  of  a  city,  the 
selectmen  of  a  town,  the  trustee  or  bailiff  of  a  village,  the  managing 
board  or  oflScer  of  any  public  institution,  or  by  a  board  of  water  com- 
missioners, or  the  president  of  a  water  or  ice  company,  stating  that 
manure,  excrement,  garbage,  or  any  other  matter  is  polhiting  or  tend- 
ing to  pollute 'the  water  of  any  stream,  pond,  spring,  or  water  course 
used  by  such  city,  town,  village,  institution,  or  company  as  a  source 
of  water  supply,  the  board  shall  appoint  a  time  and  place  within  the 
county  where  the  nuisance  or  ix)llution  is  alleged  to  exist,  for  hear- 
ing, and  after  notice  thereof  to  parties  intei^ested  and  a  hearing,  if  in 
its  judgment  the  public  health  so  requires,  shall,  by  an  order  served 
upon  the  party,  company,  or  premises  so  polluted,  prohibit  the  deposit, 
keeping,  or  discharge  of  any  such  cause  of  pollution,  and  shall  order 
him  to  desist  therefrom  and  to  remove  any  such  cause  of  pollution; 
but  the  board  shall  not  prohibit  the  cultivation  or  use  of  soil  in  the 
ordinary  methods  of  agriculture  if  no  human  excrenjent  is  used 
therefor. 

Said  board  shall  not  prohibit  the  use  of  any  structure  which  was  in 
existence  at  the  time  of  the  passage  of  this  act  upon  a  complaint  ■ 
made  by  the  board  of  water  commissioners  of  any  city,  town,  or  vil- 
lage, or  by  any  water  or  ice  company,  unless  such  board  of  water 
commissioners  or  company  filej^  with  the  State  board  a  vote  of  its  city 
council,  selectmen,  trustees,  or  bailiffs,  or  company,  respectively, 
that  such  city,  town,  village,  or  company  will,  at  its  own  expense, 
make  such  change  in  said  structure  or  its  location  as  said  board  shall 
deem  expedient.  Such  vote  shall  l)e  binding  on  such  city,  town, 
village,  or  company.  All  damages  caused  by  such  change  shall  Ix; 
paid  by  such  city,  town,  village,  or  company,  and  if  the  parties  can 
not  agree  thereon  such  city,  town,  village,  or  company  shall  tender 
to  the  parties  sustaining  damages  such  a  sum  of  money  as  in  their 
judgment  is  a  reasonable  compensation  for  the  damages  sustained. 
Whoever  is  aggrieved  by  an  order  under  the  provisions  of  the  pre- 
ceding section,  or  with  the  sum  so  tendered  as  damages,  may  appeal 
therefrom  in  the  manner  provided  in  Vermont  statutes,  sec.  3314  to 
^17,  inclusive,  relating  to  highways.  But  the  notice  therein  pro- 
vided for  shall  be  served  on  the  party  or  parties  who  are  petitioners 
in  fact  under  section  6  of  this  act,  and  also  upon  the  State  board  of 
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health.  If  the  appeal  be  only  from  the  compensation  for  damages, 
the  order  of  the  l)oard  shall  he  complied  with  during  the  pendency  of 
Mich  ai)i>eal  unless  otherwise  authorized  by  said  board. 

Sec".  7.  The  court  of  chancery  shall  have  jurisdiction  and  power, 
iipon  application  thereto  by  the  State  board  of  health  or  any  party 
interested,  to  enforce  its  ordei-s,  or  the  orders,  rules,  and  regulations 
of  said  l)oard  of  health,  and  to  restrain  the  use  or  occupation  of  the 
premises  or  such  portion  thereof  as  said  board  may  specify,  on  which 
said  material  is  deposited  or  kept  or  such  other  cause  of  pollution  ex- 
ists, until  the  orders,  rules,  and  regulations  of  said  board  have  been 
complied  with. 

Sfx\  8.  Said  board  of  health  may  by  itself,  its  servants  and  agents, 
( nter  any  building,  structure,  or  premises  for  the  purpose  of  ascer- 
taining whether  sources  of  pollution  or  danger  to  the  water  supply 
there  exist  and  whether  the  rules,  regulations,  and  orders  aforesaid 
J  ire  obeyed. 

Sec.  9.  Wlioever  violates  any  rule,  regulation,  or  order  made  under 
the  provisions  of  section  2  or  section  (>  of  this  act  shall  be  punished 
for  each  offense  by  a  fine  of  not  more  than  five  hundred  dollars  to 
the  us(»  of  the  State,  or  by  impris<mment  for  not  more  than  one  year, 
or  by  both  such  fine  and  imprisonment. 

Sec.  10.  No  sewage,  drainage.  refust\  or  polluting  matter  of  such 
kind  and  amount  as  either  by  itself  or  in  connection  with  other  matter 
will  corrupt  or  impair  the  quality  of  the  water  of  any  pond  or  stream 
used  as  a  source  of  ice  or  water  supply  by  a  city,  town,  village,  public 
institution,  or  water  company  for  domestic  use,  or  render  it  injurious 
to  health,  shall  be  discharged  into  any  such  streams,  ponds,  or  upon 
their  banks. 

Sec.  1-2.«  The  court  of  chancery,  upon  the  application  of  a  mayor  of 
a  city,  the  selectmen  of  a  town,  the  trustees  or  bailiffs  of  an  incor- 
porated village,  the  managing  board  or  officer  of  a  public  institution, 
or  a  water  or  ice  company  interested,  shall  have  jurisdiction  in  equity 
to  enjoin  the  violation  of  the  provisions  of  section  10. 

Se(\  13:  Whoever  wilfully  deposits  excrement  or  foul  or  decaying 
matter  in  water  which  is  used  for  the  purpose  of  domestic  water  sup- 
ply or  on  the  shore  thereof  within  five  rods  of  the  water  shall  be  pun- 
ished by  a  fine  of  not  more  than  fifty  dollars  or  by  imprisonment  for 
not  more  than  thirty  days:  and  a  constable  of  a  town  or  police  officer 
of  a  city  or  village  in  which  such  water  is  wholly  or  partially  situated 
may  act  within  the  limits  of  his  city  or  town,  and  any  executive  officer 
or  agent  of  a  water  board,  board  of  water  commissioners,  public  insti- 
tution,  or  water  company  furnishing  water  or  ice  for  domestic  pur- 
poses, acting  upon  the  premises  of  such  l)oard,  institution,  or  company. 


'  Section  1 1  repealed. 
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and  not  more  than  five  rods  from  the  water,  may  without  a  warrant 
arrest  any  person  found  in  the  act  of  violating  the  provisions  of  this 
section  and  detain  him  until  complaint  may  be  made  against  him 
therefor.  But  the  provisions  of  this  section  shall  not  interfere  with 
the  sewerage  of  a  city,  town,  village,  or  public  institution,  or  prevent 
the  enriching  of  land  for  agriculture  by  the  owner  or  occupant  thereof. 

Sec.  14.  Each  member  of  the  State  board  of  health  shall  receive 
four  dollars  per  day  and  actual  exi)enses  while  in  the  discharge  of  the 
duties  imposed  by  this  act.  The  State  auditor  is  directed  to  draw  his 
order  on  the  State  treasurer  every  six  months  for  such  sums  as  are 
necessary  to  meet  the  expenses  of  said  board  under  the  provisions  of 
this  act. 

Approved  Deceml>er  12.  11)02. 

GENEUAL  Kl  L.E8. 

The  foregoing  compendium  of  common  and  statute  law  may  be 
summarized  and  stated  in  a  few  general  rulers,  which  will  perhaps  be 
useful  to  property  owners  and  also  to  officers  charged  with  the  duty 
of  protecting  health  and  property  rights  in  waters. 

In  the  nature  of  the  case  these  rules  can  be  only  general,  and  many 
exigencies  will  appear  in  which  more  particular  instructions  nuist  be 
obtained  from  the  consultation  of  text -books  and  decisions  or  from 
the  advice  of  counsel. 

I.  RIGHTS  AND  DUTIES  OF  RIPARIAN  OWNERS. 

Every  riparian  owner  has  the  right — 

1.  To  use  the  waters  of  streams,  navigable  or  otherwise,  which  flow 
across  or  along  his  pro|)erty  for  the  ordinary  jjurposes  incidental  to 
domestic  life  and  agriculture,  including  grazing. 

2.  To  use  such  waters  for  water  power  and  for  all  kinds  of  manu- 
facturing purposes  which  do  not  sensibly  diminish  the  quantity  which 
flows  on  for  the  use  of  lower  proprietoi's  nor  change  the  quality  of 
the  waters  to  any  appreciable  extent,  nor  interfere  with  the  use  of 
the  stream,  if  navigable  by  the  public. 

3.  To  have  such  waters  flow  to  him  from  the  premisi»s  of  higher 
proprietors  not  unreasonably  diminished  nor  diverted  nor  rendered 
impure  by  the  farming  or  domestic  uses  to  which  the  waters  are  sub- 
jected by  higher  proprietors. 

4.  To  have  such  waters  flow  to  him  not  sensibly  changed  in  quality 
by  any  manufacturing  or  other  uses  to  which  they  may  have  been 
r»ut  by  higher  proprietors. 

5.  To  have  such  waters  flow  to  him  in  their  natural  bed,  unpolluted 
by  any  deposits  of  filth  or  any  other  substance  in  the  bed  or  channel 
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previously  travei-sed  by  them.  But  3,  4,  and  5  do  not  apply  to 
riparian  owners  in  those  States  in  which  the  doctrine  of  prior  appro- 
priation is  the  law.     (See  pp.  21-23.) 

Conveisely,  it  is  the  duty  of  every  riparian  owner — 

1.  To  so  ^lard  his  use  of  the  waters  of  streams  which  flow  across 
or  along  his  property  for  domestic  and  agricultural  purposes  as  not 
mireasonably  to  divert  nor  diminish  nor  render  impure  such  waters. 

2.  To  refrain  from  every  use  in  manufacturing  which  will  divert  or 
sensibly  diminish  the  quantity  of  the  waters  which  flow  onward  to 
the  lower  proprietors  or  render  them  appreciably  diflFerent  in  quality. 

3.  To  refrain  from  depositing  any  filth  or  other  substance  in  the 
l>ed  of  such  streams  in  such  a  manner  or  to  such  an  extent  as  will 
cause  the  waters  to  flow  to  the  lower  proprietors  out  of  their  natural 
bed  or  will  in  anywise  pollute  them  or  render  them  impure. 

Where  the  doctrine  of  prior  appropriation  is  in  force  the  appro- 
priator  must  confine  his  use  of  the  appropriated  water  to  the  use  for 
which  he  has  appropriated  it  and  take  only  so  much  as  is  reasonably 
necessary  to  accomplish  that  purpose.  He  may  not  pollute  the  stream 
wantonly,  nor  by  using  it  for  purposes  not  included  in  his  appropria- 
tion. Subject  to  these  restrictions,  the  prior  appropriator  has  the 
right  to  divert  from  the  stream  and  use  as  much  of  the  water  as  is 
necessary  to  accomplish  the  purpose  for  which  it  was  appropriated. 

II.  RIGHTS  AND  DUTIES  OF  MUNICIPAL  CORPORATIONS. 

Considered  as  ccu'porate  entities,  municipal  corporations  have  such 
right^s  and  powers  only  as  are  conferred  upon  them  by  statute,  either 
expressly  or  by  necessary  implication. 

When,  under  due  authority,  they  become  the  owners  of  lakes,  reser- 
voirs, and  natural  streams,  they  have  the  same  rights  to  pure  water, 
and  are  charged  with  the  same  duties  as  are  other  iii)arian  pro- 
prietors. 

If  authorized  to  construct  a  system  of  sewers  draining  into  a 
stream,  such  authority  does  not  exempt  them  (except  in  the  State  of 
Indiana)  from  the  duty  not  to  pollute  the  stream  to  the  damage  of 
lower  proprietors. 

The  rights  of  property  owners,  specified  in  3,  4,  and  5  above  are 
property  rights  and  can  not  be  taken  away  from  owners  for  public 
use  excei)t  upon  payment  therefor  of  an  amount  determined  by  con- 
stitutional condemnation  proceedings  authorized  by  statute. 

Therefore,  until  numicipal  corporations  have,  by  such  proceedings, 
acquired  the  rights  of  all  lower  proprietors  and  paid  for  them,  they 
are  required  in  all  cases  to  refrain  from  the  pollution  of  streams  to 
the  same  extent  as  private  owners. 
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III.  RIGHTS  AND  DUTIES  OF  THE  PUBLIC. 

By  "  the  public  "  is  meant  that  indefinite  number  of  individuals, 
whether  larger  or  smaller,  who  occupy  as  a  common  habitation  a 
neighborhood,  village,  town,  State,  or  country.  Rights  and  duties 
which  affect  inhabitants  of  the  neighborhood,  village,  town,  State,  or 
country  as  a  whole,  or  a  considerable  but  indefinite  number  of  them, 
are  called  *'  public ''  rights  and  duties. 

The  public,  in  this  sense,  aside  from  the  right  to  use  navigable 
waters  for  commerce,  has  the  right  to  enjoy  the  natural  waters  and 
the  air  which  passes  over  them,  so  far  as  life  and  health  are  affected 
by  these  elements,  in  a  condition  so  near  that  in  which  nature  left 
them  that  their  use  will  not  destroy  nor  threaten  life  nor  injure 
health. 

And,  reciprocally,  the  public,  and  each  member  of  it,  is  charge<l 
with  the  duty  not  to  pollute  the  natural  waters  upon  which  the  com- 
munity depends  for  life  and  health  in  any  manner  that  will  render 
the  continued  use  of  the  waters,  or  of  the  air  which  passes  over  them, 
destructive  of  or  injurious  to  the  life  or  health  of  the  community. 

PUBLIC  RIGHTS  AND  DUTIES    ENFORCED  BY  STATUTE. 

The  rights  and  duties  attempted  to  be  expressed  under  III  have 
received  some  recognition  by  the  courts  apart  from  statutory  enact- 
ments. They  have  been  enforced  chiefly,  however,  through  legisla- 
tion. These  rights  and  duties  have  received  full  recognition,  and  an 
active  effort  has. been  made  to  provide  an  efficient  sanction  for  their 
enforcement  by  the  legislatures  of  all  the  States  included  in  Class  II 
and  Class  III,  as  hereinbefore  stated.  These  classes  include  thirty- 
eight  of  the  States  and  Territories. 

These  statutes,  not  being  in  derogation  of  common-law^  rights,  have 
been  construed  as  remedial  statutes  and  not  unconstitutional,  although 
in  some  cases  they  may  seem  to  interfere  with  prescriptive  rights. 
No  one  can  acquire  by  prescription  a  right  to  do  an  act  which  men- 
aces public  health  or  destroys  public  comfort. 

PROGRESS   OF  LEGISLATION. 

It  will  have  been  noticed  that  public  opinion,  as  expressed  in  public 
laws,  is  steadily  progressing  in  the  direction  of  a  full,  complete,  and 
comprehensive  enforcement  of  all  the  rights  and  duties  of  riparian 
owners,  of  municipal  corporations,  and  of  the  public,  as  summarized 
above.  Each  advance  in  statutory  regulation  is  an  advance  in  that 
direction,  and  more  especially  in  the  direction  of  regulating  and 
enforcing  public  rights  and  municipal  rights  and  duties. 
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l^rivate  owners,  from  time  immemorial,  have  been  active  in  pro- 
tecting their  riparian  rights  as  against  other  private  owners.  But  the 
effect  of  jJoUution  upon  public  health  has  not,  until  a  comparatively 
recent  period,  been  brought  prominently  into  notice.  The  pollution 
of  streams  by  cities  and  private  persons  has,  accordingly,  not  received 
the  attention  which  it  deserved.  This  state  of  affairs  is  now  rapidly 
passing  away.  Courts  have  shown  themselves  fully  alive  to  the 
existence  and  validity  of  public  rights  in  that  respect,  and  the  legis- 
latures in  Class  III,  comprising  the  States  of  Connecticut,  Massa- 
chusetts, New  Hampshire,  New  York,  New  Jersey,  Minnesota,  Ver- 
mont, and  Pennsylvania,  which  has  come  into  this  class  by  legislation 
enacted  in  1905,  have  made  enactments  calculated  so  to  control  such 
pollution  as  eventually  to  prevent  all  danger  to  public  health. 
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Ennor,  Hodgkinson  v.,  cited  on  mine  con- 
tamination          15 

Excrement,  contamination  by,  prohibition 

of  and  penalty  for 58, 

62, 63, 65, 66-67, 69, 70, 80, 81 .  89-90, 140 

Explosives,  deposition  of,  in  streams,  etc., 

restriction  of 36, 72, 73 

F. 

Factory  refuse,  contamination  by,  prohibi- 
tion of  and  penalty  for 37, 

38, 45, 50, 53,  M,  61, 66-67. 89-90 
discbarge  of,  in  streams,  etc.,  when  al- 

lowetl 126-128 

Farming,  right  of  reasonable  use  of  water 

for 8 

Fish,  etc.,  poisoning  of,  prohibition  of  and 

penalty  for 36, 

38.40,45,54.55,58,72,73 

Fletcher  r.  Ry lands,  cited  on  mine  contam- 
ination          16 

Florida,  statute  laws  of 35 

Fond  du  Lac,  Hughes  r.,  opinion  in,  quoted 
on  rights  of  municipal  corpora- 
tion          31 

G. 

Garbage,  etc.,  burning  of 57,69 

Gardner  v.  New  burgh,  decision  In,  quota- 
tion from 14 

Garrison,  Judge,  opinion  of,  quoted  on  sew- 
erage commission 121 

Gas  tar,  etc.,  contamination  by,  prohibition 

of 39,40,61,63 

Georgia,  common-law  cases  in 9, 25 

statute  laws  of 35 

Gloveraville,  Sammons  v.,  decision  in 29 

Goldsmid  t'.  Tunbridge  Wells  Commission- 
ers, opinion  in,  quoted  on  effect 
of  nuisance 19-20 

Good  t'.  Altoona,  decision  in 26 

Great  Britain,  common-law  cases  in.  10, 15-16,17,25 

Grey,  Attorney-General,  r.  Paterson. discus- 
sion of 30-31 

opinion  in,  quoted  on  sewage  disposal . .        30 

H. 

Hagen,  Valparaiso  r.,  decision  in 25,26,31 

Harper  v.  Milwaukee,  opinion  in,  quoted  on 

rightsof  municipal  corporation.       31 
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Harris  v.  City,  decision  in 26 

Health,  boards  of,  powers  of 34, 

42-43, 47, 50, 58, 59, 68, 74, 77-79, 82, 83,  M, 
86, 90, 91-92, 121-126, 129-130, 132, 137-141 

Higgins  r.  The  Water  Co.,  cited n 

Hodgkinson  r.  Ennor,  cited  on  mine  con- 
tamination         15 

Uolsman  r.  Boiling  Spring  Co.,  cited  on  mine 

contamination 14 

opinion  in,  quoted  on  protection  of  ripn- 

rian  right 17 

reference  to is 

Hughes  r.  Fond  du  Lac,  opinion  in,  quoted 
on  rights  of  municipal  corpora- 
tion        31 

L 

Ice,  cutting  of,  restriction  of 83,^4 

Ice  pond,  driving  on,  restriction  of M 

Idaho,  common-law  cases  in 21 

doctrine  of  prior  appropriation  in 21 

statute  laws  of 35 

Illinois,  common-law  caaes  in 25 

statute  la W8  of 4«M9 

Illinois  et  al.,  Mlasouri  r.,  case  of 20-21 

Indiana,  common-law  cases  in 9, 25, 31 

statute  laws  of 49-.'>l 

Indictment  a«  remedy  for  injur>' 5 

Injunction  m  remedy  for  injury 8, 18, 76.  W 

cases  bearing  on 15-16, 18, 29-31 

Iowa,  common-law  caaes  in 9.25 

statute  laws  of * 

J. 
Jurisdictions  of  act  and  ita  results,  diffen»nt.    9, 10 

K. 

Kansas,  common-law  cases  in 26 

statute  laws  of 36 

Kent,  Chancellor,  opinion  of,  quoted  on 

riparian  rights H 

Kentucky,  statute  laws  of 36 

L. 

Lancaster  City,  Owens  v.,  decision  In 26, 27 

Land,  Mayor,  etc.,  of  Birmingham  r.,  opin- 
ion in,  quoted  on  sewage  pollu- 
tion         » 

Law,  common,  decisions  at 7-31 

decisions  at,  classification  of 7-a 

principles  of 7-31 

classification  of 7-8 

remedies  at * 

Laws,  stiitute,  classes  of 32 

lack  of  uniformity  in 32 

restrictions  of,  general 45-73 

partial 33-45 

severe 73-141 

text  of,  by  classes  and  by  States 33-111 

See  also  under  Stote  names. 
Leeds,    Attomey-Qenentl   v.,   opinion  in, 

quoted  on  previous  pollution  ..       l" 
Llghtowler,  Crossley  t».,  opinion  in,  quoted 

on  previous  pg^lutlon 1" 

Lister,  Meigs  v.,  opinion  in,  quoted  on  pre- 
vious pollution 16-17 

Lords,  House  of,  decision  of 1^ 

Louisiana,  statute  laws  of 36 
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Lowell,  Middlesex  Co.  v.,  decision  in 29 

Lombering  waste,  deposition  of,  in  streams, 

etc.,  when  allowed 83 

M. 
McClellan,  Chief  Justice,  opinion  of,  quoted 

on  sewage  pollution 29 

Maenaghten,  Lozd,  opinion  of,  quoted  on 

mine  contamination 15-16 

Magor  r.  Chad  wick,  cited  on  mine  contami- 
nation          15 

Maine,  common-law  case  in 9 

statute  laws  of 51-52 

Maryland,  common-law  cases  in 9 

statute  laws  of 52-63 

Massachusetts,  common-law  cases  In 9, 26, 29 

statute  laws  of 77-81 

Mayor,  etc.,  of  Birmingham  v.  Land,  opinion 

in,quoted  on  sewage  pollution..       29 
Meigs  r.  Lister,  opinion  in,  quoted  on  pre- 
vious pollution 16-17 

Merrifleld  t\  Worcester,  cited  on  natural  use .       16 

decision  in 26, 29 

Michigan,  statute  laws  of 36-38 

Middlesex  Co.  r.  Lowell,  decision  in 29 

Milling  refuse,  contamination  by,  prohibi- 
tion of  and  penalty  for 44, 

45,85,80.137 
Milwaukee,  Harper  v .,  opinion  in,  quoted 
on  rights  of  municipal  corpora- 
tion         31 

Mines,  contamination  of  streams  by,  deci- 
sions on 10-20 

Mining  refuse,  pollution  by 9, 10-20, 55, 66 

Minnesota,  common-law  case  in 10 

statute  laws  of M-82 

Mississippi,  common-law  case  in 10 

statute  laws  of 38 

Missouri,  common-law  case  in 10 

statute  laws  of 53-54 

Missouri  v.  Illinois  et  al.,  case  of 20-21 

Montana,  common-law  cases  in 21 

doctrine  of  prior  appropriation  in 21 

Morgan  r.  City  of  Danbury,   opinion  in, 

quoted  on  sewage  pollution 2>^29 

Municipalities,  as  riparian  owners 24-142 

rights  of 8, 

24-31, 34, 38, 39, 55, 61, 81, 90,  H 112- 
113,  124,  126,  127,  134,  141,  142-143 

N. 
Nason,  Professor,  testimony  of,  on  mine 

water 19 

Natural  use.    See  Use,  natural. 

Nebraska,  statute  laws  of 38-39 

Nevada,  common-law  cases  in 21 

doctrine  of  prior  appropriation  in 21 

statute  laws  of 54-55 

New  Britain,  Nolan  r., opinion  In,  quoted  on 

sewage  pollution 27-28 

New  Hampshire,  common-law  case  in 10, 26 

statute  laws  of 82-86 

New  Jersey,  commissioners  on  stream  pollu- 
tion in 88-89,106-121 

common-law  cases  in 10, 11-20, 26, 30-31 

sewerage  commission  in 92-106 

statute  laws  of H6-121 
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New  Mexico,  common-law  cases  in 22 

doctrine  of  prior  appropriation  in 22 

statute  laws  of 66-57 

New  York,  common-law  cases  in 26, 29-30 

statute  laws  of 121-132 

Newburgh,  Gardner  v.,  decision  in,  quota- 
tion from 14 

Nolan  V.  New  Britain,  opinion  in,  quoted 

on  sewage  pollution 27-28 

North  Carolina,  statute  laws  of 58-59 

North  Dakota,  common-law  ca.sei  in 22 

doctrine  of  prior  appropriation  in 22 

statute  laws  of 39 

Nuisance,  commission  of.  near  waterworks, 

piohibition  of  and  penalty  for. .  34, 74 

public,  from  water  pollution 23, 27 

O. 
Obstructions  to  navigation,  depoHition  of,  in 

stream.s,  etc.,  prohibition  of 36, 38 

Ohio,  common-law  cases  in 10, 14, 16 

statute  laws  of 60-62 

Oil,  etc.,  contiuninatiun  by,  prohibition  of 

and  penalty  for 48, 54, 61 ,  66-^ 

Oklahoma,  statute  laws  of 39-40 

Oregon,  common-law  cases  in 22, 23 

doctrine  of  prior  appropriation  in 22, 23 

statute  laws  of 62-63 

Owens  V.  Lancaster  City,  decision  in 26, 27 

Owners,  riparian,  rights  of....  8-23,30-31,141-142 

below  tide  water,  rights  of 30 

Oysters,  etc.,  deposition  of,  in  streams,  etc., 

prohibition  of  and  penalty  for. .        52 

P. 

Paper,  deposition  of,  in  streams,  etc..  prohi- 
bition of  and  penalty  for 57 

Parliament,  powers  of 18 

Passaic  Valley  Sewerage  CommL«v*Jioner8, 
Van  Cleve  r.,  decision  in,  refer- 
ence to 121 

Paterson.  (»rey,  Attorney-General,  r.  See 
Grey,  Attorney-General,  r.  Pater- 
son. 

Pennington  r.  Brinsop  Coal  Co.,  cited  on 

mine  contamination 15 

Pennsylvania,  common-law  casex  in 10, 

11.14,17,18,26,27-28 
statute  laws  of 132-136 

Pennsylvania  Coal  Co.,  Sanderson  v.  Sec 
Sanderson  v.  Pennsylvania  Coal 
Co. 

Pennsylvania  Railroad  Ct).  r.  Angel,  opin- 
ion in,  quoted  on  interference 
with  private  property 18 

Philadelphia,  Butcher's  Ice  and  Coal  Co.  v., 

decision  in 26 

Pitney,  Vice-Chancellor,  opinion  of 11-20 

Poison,  deposition  of,  in  streams,  etc.,  pro- 
hibition of  and  penalty  for.  ...      35, 
36, 40, 44, 51 ,  54, 55, 58, 64, 70, 83 

Polluting  articles,  deposition  of,  in  streams, 

etc.,  statutory  restrictions  of  ..  32-141 
/br  »pecial  articles  not  universally  pro- 
hibited, sec  under  tlieir  naints. 

Pollution,  right  of,  impossibility  of  pre- 
scribing           9 
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I'olUitlon  of  water.    See  Water,  pollution  of. 
Prior  appropriation.    iSee  Appropriation. 

Privy  vaults,  laws  concerning 39. 

46, 48, 49, 53, 60, 66-67, 69, 70. 87 
Property,  private,  interference  with,  pn>vi- 

sion  of  Constitution  concerning.        I>< 

Public,  as  riparian  owner '£^ 

rights  of H,  23. 143 


R. 


Refuse.    Sec  Factory  refuse;  Milling  refuse; 

Mining  refuse. 
Remedies  at  common  law  for  water  im>11u- 

tion 

Restrictions,  statutorj-,  classification  of 

general,  by  States 

partial,  by  States 

.severe,  by  States ' 

Rhode  Island,  common-law  cases  in 

statute  la  ws  of 

"Rights  of  municipal  corporations  to  drain 

sewers,"  et<.'.,  cited 

Rights,    prescriptive,    cases    bearing    on, 

cited  16, 

diwussion  of 16.  ] 

Riparian  owners.    See  Owners,  riparian. 
Rylands,  Fletcher  r.,  cited  on  mine  ct»n 
tamination 


32 
45-73 
.33-45 
3-Ul 

10 
40-43 


27-28 
41-143 


16 


S. 


St.  Helen's  Smelting  Co.  v.  Tipping.  vUv*\ 

on  previoiLM  pollution 17 

Summons  v.  City  of  Gloversville,  decision  in .        29 
Sanderson  r.  Pennsylvania  Coal  Co.,  de- 
cision in 10-11 

discussion  of 14 

reference  to 14, 15. 17 

Sawdust,  etc.,  deposition  of,  in  streams, 
etc..  prohibition  of  and  penalty 

for 44,  45,  M,  55, 71, 72, 73,  h5,  86. 137 

Sewage,  definition  of 28 

discharge  of,  cases  on 24-31 

decisions  concerning 17. 25, 2<>-31 

limitation   of   statutory   authority 

for 24 

restrictions  on 42. 52, 58. 62. 

66.75.81,89-90,94,112-113.126.134.140 

rights  of  municipalities '24-31. 

38,  39,  55,  81,  90,94,112-113. 
124, 126, 127, 134. 141, 142-143 
Sewerage  commission.  New  Jersey,  powers, 

etc.,  of 92-105 

Sheep    washing,   contamination   by,    pro- 
hibition of  and  penalty  for 65 

Slaughterhouse,     maintenance     of.     near 
streams,  etc.,  prohibition  of  and 

penalty  for 39, 48. 44, 67-68. 70 

South  Carolina,  common-law  C4i.se  in 10 

South  Dakota,  statute  laws  of 63 

Stable,  etc.,  maintenance  of,  near  streams, 
etc..  prohibition  of  and  penalty 

for 39, 46, 65, 67-68 

Staffordshire  Waterworks,  Clowes  t.,  cited 

on  right  U)  give  damages 15 

States,  control  of  water  pollution  confined 

to ■ 32 
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Slates,  la  ws  of,  claasiflcation  of 32 

laws  of,  lack  of  uniformity  in 32 

text  of 33-141 

See  also  under  State  names. 
Statutory  restrictions.    See  Restrictions. 
Sterling  Iron  and  Zinc  Co.,  Beach  r.    See 
Beach  r.  Sterling  Iron  and  Zinc 
Co. 
Stewani.  .\ttorney -General  r.,  opinion  in. 

quoted  on  previous  pollution. ..       16 
Streams,  banks  of,  deposition  of  ofTensivc 
matter  on,  prohibition  of  and 

penalty  for 39, 

43,46,58,66-67,80,81,140 
UM'  of,  as  sewers,  rights  of  municipali- 
ties in  24-31,38.39 

Suit,  private,  as  remedy  for  injury 8 

Supreme  Court  of  the  United  States,  com- 
mon-law case  in 20-21 

T. 

Taylor,  C<ilumbu8  Co.  r.,  cited  on  natural 

u.se 16 

Tenne»iee.  statute  laws  of 64 

Texas,  ca^es  bearing  on  prior  appropriation 

In 22 

statute  laws  of 64 

Tin  cans,  deposition  of,  In  streams,  etc., 

prohibition  of  and  penalty  for. .  57 
Tipping.  St.  Helen's  Smelting  Co.  r.,  cited 

on  previous  pollution  17 

Tucker.  Columbus,  etc.,  Co.  r.,  decision  In, 

cited 14 

Tunbridge  Wells  Commissioners.  Goldsmid 

v.,  opinion  in,  quoted  on  effect 

of  nuisance 19-20 

Turner,  Lord  Justice,  opinion  of,  quoted 

on  effect  of  nuisance 1^20 

r. 

I'sc,  natural,  discussion  of 16 

reasonable,  right  of 8,22 

reasonableness  of,  determination  of ^ 

Utah,  statute  laws  of 65 

V. 

VHlparuis(»  r.  Uagen,  decision  in 25,26,81 

Van  Cleve  ?■.  Passaic  Valley  Sewerage  Com- 
missioners, decision  In,  refer- 
ence to 121 

Verm»)nt,  common-law  cases  in 10 

statute  laws  of 137-141 

Village  of  White  Plains,  Butler  r.,  decision 

in 2M0 

t  Virginia,  statute  laws  of 65-67 

W. 

Washington,  common-law  cases  in IS 

.         doctrine  of  prior  appropriation  in fi 

statute  laws  of 67-69 

i  Water,  appropriation  of,  limitation  of  ripa- 
rian owner's  right  of 8, 142 

total,  prohibition  of 8 

ownership  of,  qualification  of 8 

pollution  of,  by  drainage  from  mines..  10-30 
causing  public  nuisance 9,23 
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Water,  pollution  of,  from  sewage 24-31 

pollution  of,  jurisdiction  over 32 

liability  of  municipality  for 24-31 

liability  of  riparian  owner  for H,  142 

relation     of     prior    appropriation 

to 22-23 

statutory  restrictions  on 32-141 

prior  appropriation  of,  doctrine  of 21-23 

n^asonable  use  of.  determination  of 8 

rights  of  public  in 28 

rights  of  riparian  owners  to 7,8, 141-142 

limitations  on 8, 21, 142 

rule  of  law  concerning 8 

supply  of,  inspection  of TJ2 

use  of,  for  farming  and  domestic  pur- 
poses    8, 141 

for  other  than  farming  or  domestic 

purposes,  limitations  on 8, 141-142 

riparian  owner's  right  to 7. 8. 141 

Water  Co.,  The,  Higgins  v.,  cited 18 

Water  companies,  laws  concerning 59, 83-84 


Pago. 
Watson,  Acquackanonk  Water  Co.  r.    See 
Acquackanonk    Water    Co.    v. 
Watson. 
Waukesha,  Winchell  r.,  opinion  In,  quoted 

on  sewage  pollution 31 

West  Virginia,  statute  laws  of 69 

White  Plains,  Village  of,  Butler  v.,  deci- 
sion in 29-30 

Winchell  r.  Waukesha,  opinion  in,  quoted 

on  sewage  pollution 31 

Wisconsin,  common- law  cases  in 10,81 

statute  laws  of 43-^.'> 

Worcester,  Merrifield  r.    See  Merri field  r. 
Worcester. 

Wyoming,  common-law  cases  In 10, 22 

doctrine  of  prior  appropriation  in 22 

statute  laws  of 70-73 

Y. 
Young  r.  Bankier,  cited  on  mine  contami- 
nation          15 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Water-Supply  Paper  No.  152.] 

The  serial  pablications  of  the  United  States  Geological  Survey  consist  of  (1) 
Annual  Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5) 
Mineral  Resources,  (6)  W  ater-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas 
of  United  States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  United 
States — folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publica- 
tion; the  others  are  distributed  free.  A  circular  giving  complete  lists  may  be  had 
on  application. 

Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  chaise  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  allotted  to  every  member  of  Congress,  from  whom  they 
may  be  obtained,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  practically  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
Bulted  by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water 
storage;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investi- 
gations; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 
This  paper  is  the  twelfth  in  Series  L,  the  complete  lists  of  which  follow.  (PP= 
Professional  Paper,  B=Bulletin,  WS= Water-Supply  Paper.) 

Series  L— Quality  of  Water. 

WS    3.  Sewage  irrigation,  by  G.  W.  Rafter.    1897.    100  pp.,  4  pis.    (Out  of  stock.) 

W8  22.  Sewage  irrigation,  Pt.  II,  by  O.  W,  Rafter.    1899.    100  pp.,  7  pis.    (Out  of  stock.) 

W8  72.  Sewage  pollution  near  New  York  City,  by  M.  O.  Leigiiton.    1902.    75  pp..  8  pis. 

W8  76.  Flow  of  rivere  near  New  York  City,  by  H.  A.  Pressey.    1908.    108  pp.,  18  pLs. 

WS  79.  Nonnaland  polluted  waters  in  northeaBtern  United  States,  by  M.  O.  Leighton.    1908.    192pp., 

15pl8. 
WS  108.  Review  of  the  laws  forbidding  pollution  of  inland  waters  in  the  United  States,  by  E.  B. 

Qoodell.    1904.    120  pp. 
WS  108.  Quality  of  water  In  the  Susquehanna  River  drainage  basin,  by  M.  O.  Leighton,  with  an 

introductory  chapter  on  physiographic  features,  by  O.  B.  Hollister.    1904.    76  pp.,  4  pis. 
WS  113.  Strawboard  and  oil  wastes,  by  R.  L.  Sackett  and  Isaiah  Bowman.    1905.    52  pp.,  4  pis. 
WS  121.  Preliminary  report  on  the  pollution  of  Lake  Champlain,  by  M.  O.  Leighton.    1905.    119  pp.. 

13  pis. 
WS  144.  The  normal  distribution  of  chlorine  in  the  natural  waters  of  New  York  and  New  England, 

by  D.  D.  Jackson.    1906.    31  pp.,  5  pis. 
WS  151.  Field  assay  of  water,  by  M.  O.  Leighton.    1906.    77  pp.,  4  pis. 
WS  152.  A  review  of  the  laws  forbidding  pollution  of  inland  waters  in  the  United  States,  second 

ediUon,  by  £.  B.  Qoodell.    1906.    149  pp. 

Correspondence  should  be  addressed  to 

The  Director, 

UNrrED  States  Geological  Survey, 

Washington,  I).  C. 
October,  1905. 
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THE  UNDERFLOW  IN  ARKANSAS  VALLEY  IN 
WESTERN  KANSAS. 


By  Charles  S.  Slichter. 


I  N  T  R  O  r>  U  C  T  1  O  N  . 

The  investigation  of  tlie  und(»rflow  of  Arkansas  River,  described  in 
this  paper,  was  made  during  the  summer  of  1904.  The  field  party  was 
under  the  general  supervision  of  the  writer.  Mr.  Henry  C.  Wolff  had 
charge  of  the  measurements  of  the  rate  of  movement  of  the  ground 
waters.  He  also  made  careful  determinations  of  the  fluctuation  of  the 
position  of  the  water  plane,  and  the  success  of  the  field  work  was 
largely  due  to  his  skill  and  hard  work.  Mr.  Ray  Owon  had  charge  of 
level  and  plane-table  work,  and  made  a  contour  n)ap  of  the  water  plane. 

A  few  of  the  principal  conclusions  may  be  summarized  as  follows: 

1.  The  underflow  of  Arkansas  River  moves  at  an  average  rate  of  8 
feet  per  twenty-four  hours,  in  the  geneml  direction  of  the  vallev. 

2.  The  water  plane  slopes  to  the  east  at  the  rate  of  7.5  feet  per  mile, 
and  toward  the  river  at  the  rate  of  2  to  3  feet  per  mile.    ' 

3.  The  moving  ground  water  extends  several  miles  north  from  the 
river  valley.     No  north  or  south  limit  was  found. 

4.  Tfie  rate  of  movement  is  very  uniform. 

5.  The  underflow  has  its  origin  in  the  rainfall  on  the  sand  hills  south 
of  the  riv^er  and  on  the  bottom  lands  and  plains  north  of  the  river. 

6.  The  sand  hills  constitute  an  essential  part  of  the  catchment  area. 

7.  The  influence  of  the  floods  in  the  river  upon  the  ground-water 
level  does  not  extend  one-half  mile  north  or  south  of  the  channel. 

8.  A  heavv  rain  contributes  more  water  to  the  underflow  than  a 
flood,   • 

9.  On  the  sandy  bottom  lands  60  per  cent  of  an  ordinary  rain  reaches 
the  water  plane  as  a  permanent  contribution. 

10.  The  amount  of  dissolved  solids  in  the  underflow  grows  less  with 
the  depth  and  with  the  distance  from  the  river  channel. 
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11.  There  Is  no  appreciable  run-off  in  the  vicinity  of  Grarden,  Kans. 
Practically  all  of  the  drainage  is  underground  through  the  thick 
deposits  of  gravels. 

12.  Carefully  constructed  wells  in  Arkansas  Valley  are  capable  of 
yielding  very  large  amounts  of  water.  Each  square  foot  of  percolat- 
ing surface  of  the  well  strainers  can  be  relied  upon  to  yield  more  than 
0.25  gallon  of  water  per  minute  under  1  foot  head. 

13.  There  is  no  indication  of  a  decrease  in  the  underflow  at  Gar- 
den in  the  last  five  years.  The  city  well  showed  the  same  specific 
capacity  in  1904  that  it  had  in  1899. 

14.  Private  pumping  plants  in  the  bottom  lands  will  be  profitable 
for  irrigation  if  proper  kind  of  power  be  used.  There  should  be  a 
large  field  of  usefulness  for  suction  gas-producer  power  plants  of  from 
20  to  100  horsepower,  with  Colorado  hard  coal  or  coke  as  fuel.  Kan- 
sas crude  oil  in  gas  generators  should  prove  profitable  for  use  in  the 
smaller  plants.  The  present  cost  of  pumping  with  gasoline  for  fuel  is 
not  encouraging. 
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CHAPTER  I. 

MEAHXTRKMEXTS  OF  THE  T;NI>ERFr^OW  OF  ARKAN^SAS 

RIVER. 

GENERAL  STATEMENT. 

Investigations  of  the  undei'flow  of  Arkansas  River  were  begun  June 
11,  1904.  The  work  consisted  of  the  mapping  of  the  water  plane  or 
ground-water  level  within  a  distance  of  6  to  12  miles  from  the  river 
channel,  and  of  observations  by  the  electrical  method  of  the  rate  of 
movement  of  the  underflow.  The  ground-water  levels  were  obtained 
by  observing  the  water  levels  in  private  wells  in  the  neighborhood  of 
the  river  and  in  a  few  wells  which  weresunkespecially  for  this  purpose. 
The  slope  of  the  water  plane  was  found  to  })e  between  7  and  8  feet  to 
a  mile  in  a  general  easterly  direction,  and  from  2  to  3  feet  to  a  mile 
toward  the  river  channel  from  the  country  immediately  to  the  north 
and  south.  The  southern  margin  of  the  river  valley  is  bordered  for  5 
to  10  miles  to  the  south  by  sand  hills,  which  are  only  partially  covered 
with  natural  vegetation.  These  sand  hills  extend  from  east  of  Dodge, 
Kans.,  to  beyond  the  Colorado  line.  The  river  valley  proper  varies  in 
width  from  1  to  5  miles.  Near  the  river  channel  there  is  a  strip  known 
as  '•  first  bottoms,"  which  is  only  a  few  feet  above  the  river  level. 
The  princiiml  cultivated  portion  of  the  valley  lies  from  8  to  8  feet 
higher  than  first  bottoms,  and  is  locally  known  as  ''second  bottoms." 
North  of  the  river  valley  the  ground  rises  rather  abruptly  to  the  high 
plains  with  their  well-known  level  topography  and  compact  sod  of 
native  grasses.  The  slope  of  the  water  plane  toward  the  channel  of 
the  river  from  the  north  is,  as  has  been  stated,  about  2i  feet  to  a  mile, 
])ut  10  to  14  miles  to  the  north  of  the  valley  the  slope  of  the  water 
plane  changes  from  southerly  to  northerly,  and  the  land  at  the  same 
time  gently  dips  to  the  north  toward  the  valley  of  White  Woman 
Creek.  The  easterly  slope  of  7^  to  8  feet  to  the  mile  is  maintained, 
however,  quite  constantly  throughout  all  of  this  region.  Fig.  1  shows 
the  results  of  the  determination  of  the  water  plane. 

MEASUREMENTS  2  MILES  WEST  OF  GARDEN,  KANS.  (CAMP  i). 

The  measurements  showed  a  rate  of  movement  nuich  greater  than 
had  been  anticipated.  The  first  set  of  imderflow  stations  were  estab- 
lished at  a  point  about  2  miles  west  of  (larden  (camp  1),  as  shown  on 
the  map  (fig.  1).     The  stations  were  in  a  north-south  line,  which  was 
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about  li  miles  in  length.     At  this  point  the  river  flows  in  an  east  by 
south  direction,  and  borders  closely  on  the  north  margin  of  the  sand 

T.a4S. 


T.  23  s. 


•SZ2    JL 


hills,  leaving  but  little  bottom  land  on  the  south  side  of  the  river.  The 
channel  of  the  river  where  the  observations  were  made  is  about  1,000 
feet  wide.     On  the  north  side  is  a  strip  of  low  land,  or  first  bottoms, 
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about  1,100  feet  wide,  which  is  onl}'  a  few  inches  above  the  general 
bottom  of  the  river  bed.  This  low  bottom  has  several  sloughs  run- 
ning through  it  approximately  parallel  to  the  river.  North  of  this 
low  strip  of  bottom  the  land  abruptly  rises  seveml  feet  and  continues 


<: 


Fig.  2.— Miip  Jthowing  location  of  underflow  ntations  and  test  wells  at  eamp  1.  2  miles  west  of  Ganlen, 
Kans.  The  velocity  and  direction  of  How  Ih  shown  by  the  length  and  dlrwtion  of  the  arrowH  at  the 
various  Ktations.    The  depth  is  indicated  in  figures  at  each  location. 

to  rise  gradually  for  several  miles  farther  north,  this  slope  constituting 
the  cultivated  portion  of  the  valley — the  so-called  second  [)ottonis. 

The  measurements  at  this  point  were  made  at  stations  that  la}',  in 
general,  in  a  straight  line  across  the  valley  (tig.  2).  Most  of  the  meas- 
urements were  made  in  the  river  channel  itself,  or  on  the  low  ground 
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to  tho  north.  One  test  was  made  on  the  south  side  of  the  riv^er  at  the 
fo<>t  of  the  sand  hills  and  another  1  mile  to  the  north.  The  velocities 
were  determined  at  depths  mnging  from  11  to  (55  feet.  The  results  of 
the  measurements  at  this  location  are  given  in  Table  1. 

Table  1. — Viulerjiow  meamirements  at  camp  1,  ^  miles  weM  of  Garden^  Kans. 


Dnti'  of  test. 


\m  i>f      Ui^nth      Velocity   I  Direclfon  < 

I  su   io       .Swell    ^>fKround   offlow,east 

.suition.    oiwui.      ^^.^^^         of  north.   I 


Location  and  remarks. 


1904. 

June  .SO 

June  22 

Do 

June  21 

June  24 

June2»> 

June  2.'> 

JulyG 

July  4 

July  9 

September  G . 
September  8 . 


Average . 


'rrt. 

Ft.  jtrr  (Iny. 

IG 

5.3 

It 

4.8 

31 

10.3 

15 

9.6 

31 

8.0 

29 

8.0 

17 

9.0 

28 

9.6 

17 

8.2 

11 

4.0 

65 

1.75  1 

-26  . 


1.3 


90 
101 
71 
103 
65 
77 
N5 
121 
121 
120 
101 
104 


6.6 


94 


1  mile  north  of  river. 
1,100  feet  north  of  river. 

Do. 
490  feet  north  of  river. 

Do. 

Do. 
In  channel,  250  feet  north  of  center. 
In  channel,  150  feet  south  of  center. 

Do. 

•250  feet  south  of  river. 

1,100  feet  north  of  river. 

NW.  comer  SW.  1  sec.  2.  T.  -23  S ,  R. 
33  W.,  8i  miles  north  of  river. 


Mean  direction  of  river  channel,  100°  east  of  north. 


Of  the  stations  for  which  data  are  given  in  this  table,  No.  9  was 
located  on  the  second  l)ottoms  1  mile  north  of  the  river,  No.  40  was 
located  on  the  uplands  8i  miles  north  of  the  river,  and  No.  12  was  in 
the  sand  hills  south  of  the  river.  The  other  stations  were  either  in 
the  tirst  bott<^)ms  or  in  the  channel.  Station  No.  6  reached  so-called 
*' second  water,"  or  the  water  l)eneath  a  layer  of  silt  which  seemed 
(juite  impervious  to  the  flow  of  water.  The  mean  of  all  of  the  observed 
velocities  was  6.6  feet  a  da3\  The  average  direction  of  the  motion 
was  94^  east  of  north,  which  may  be  compared  to  the  average  direction 
of  the  river  valley  at  this  point,  which  we  have  estimated  to  be  approx- 
imately loo  east  of  north.  On  the  cross  section  through  the  river 
channel  and  the  first  bottoms  (fig.  3)  are  shown  the  depth  of  a  number 
of  the  test  wells  near  the  river  channel  and  the  velocity  of  the  under- 
flow. 

F^xcept  for  occasional  layers  of  silt,  the  gravels  were  very  uniform 
in  size  and  character  of  grain  ;  a  large  percentage  of  any  one  sample 
consisted  of  grains  larger  than  grains  of  wheat.  The  gravel  was  also 
found  to  })e  very  uniform  in  lateral  extent,  but  showed  a  tendenc}^  to 
become  coarser  with  the  depth  until  32  feet  was  reached.  At  about 
32  feet  fine  sand  and  silt  was  encountered,  which  seemed,  as  nearly  as 
could  })e  determined  from  the  wells  sunk  in  a  compamtively  small 
radius,  to  be  horizontal  in  extent.  Fine  material  was  encountered  at 
a  higher  level  at  only  one  place,  which  was  near  the  center  of  the  river 
at  a  depth  of  about  18  feet,  but  50  feet  upstream  it  was  entirely  absent. 
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A  well  wa8  put  down  at  station  No.  11  in  order  to  secure  a  sample  of 
this  tine  material.  It  was  found  at  the  same  level  as  at  stations  No.  6 
and  No.  8,  and  consisted  of  about  the  same  kind  of  material,  except 
that  it  contained  a  considemble  amount  of  gypsum  mixed  with  sand. 
This  fine  sand  must  be  more  or  less  impervious,  for  no  water  could  be 
drawn  by  means  of  a  hand  pump  from  a  well  driven  in  the  sand,  and 
a  hole  washed  out  8  feet  below  the  easing  remained  for  a  considerable 
time  unfilled  with  sand. 


@ 


M<^ 


<^ 


@m<^       @^<e> 


(S)[^  <^ 


m 


<^  Vt/ocify  ofuncferfhw  In  feef  per  efa/ 

fine  sam^  offd Sf/f  gj  Tota/ so/icfs  in  parts  per  toaooo 

@  Ch/orine  m  parts  per  ioaooo 

Horizontal  scale 
o  _  jg^o  .  490  .  690  .  6po  .  lopo  ftt\ 

Vertical  scale 
0  2  4  6  8  10  feet 


Fig.  3. — Cross  .section  near  cam{f  1,  2  miles  west  of  Garden,  Kann.  The  total  solids  dissolved  in  the 
ground  water  at  various  depths  are  shown,  in  parts  per  100,000,  by  the  numbers  inclosed  in  rectan- 
gles. The  numbers  inclosed  in  circles  express  the  amount,  in  parts  per  100,000.  of  chlorine  found 
at  the  position  at  which  the  circles  are  placed. 

The  velocities  above  this  layer  of  silt  are  very  uniform,  ranging 
from  4.8  feet  a  day  to  10.3  feet  a  day,  with  an  average  for  ten  tests  of 
7.68  feet  a  day,  with  the  direction  varying  from  55  east  of  north  to 
121^  eust  of  north. 

The  direction  of  motion  at  these  various  stations,  as  has  been  stated, 
was  in  genei*al  toward  the  east,  but  several  exceptions  were  noted  from 
time  to  time.  At  the  time  field  work  was  begun  the  channel  of  the 
Arkansas  River  was  dry,  as  is  very  usual  in  the  months  from  .June  to 
October.  The  summer  of  19i)4,  however,  proved  to  be  an  exceptional 
one,  and  high  floods  were  of  constant  occurrence  throughout  the  sea- 
son. One  of  these  floods  came  down  the  river  s(K)n  after  the  first 
underflow  stations  were  established  near  the  bank  of  the  river.  This 
offered  an  excellent  opportunity  of  determining  the  influence  of  the 
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river  waters  upon  the  underflow.  At  one  underflow  station,  situated 
near  the  north  bank  of  the  channel  of  the  river,  2  miles  west  of  Gar- 
den, the  direction  of  the  flow  of  the  ground  waters  was  very  greatly 
changed  by  the  flood  in  the  river.  It  was  therefore  possible  to  meas- 
ure the  mte  at  which  the  river  contributed  to  the  ground  waters  at 
this  point.  It  was  found  that  the  water  during  the  early  stages  of  the 
flood  flowed  away  from  the  river  at  the  rate  of  6  to  8  feet  per  twenty- 
four  hours.  This  point  can  be  established  by  consulting  the  record  for 
stations  No.  2  and  No.  5,  as  given  in  Table  1.  These  stations  are 
located  at  the  same  point.  The  velocity-  at  station  No.  2  on  June  21, 
190J:,  before  a  rain  on  the  night  of  June  21,  and  before  a  flood  which 
came  down  the  river  at  3  p.  m.  June  22,  was  9.6  feet  per  twenty-four 
hours  in  a  direction  103"  east  of  north,  which  is  substantially  the  direc- 
tioiT  of  the  river  channel.  After  the  flood  the  velocity  at  theMtme  place 
(at  a  greater  depth,  however)  was  found  to  be  8  feet  per  twenty-four 
hours,  in  a  direction  65  east  of  north,  or  at  an  angle  of  35  nwa}'  from 
the  river  channel,  the  flood  having  therefore  changed  the  former 
direction  of  flow  by  about  38  .  On  June  26,  when  the  flood  had  still 
further  receded,  a  second  determination  of  velocit}^  showed  the  same 
rate  as  before,  but  the  dii-ection  had  shifted  to  77"  east  of  north,  or  at 
an  angle  of  about  23    with  the  river  channel. 

It  was  not  onl}'  possible  to  actually  determine  this  rate  of  loss  of 
water  from  the  river  by  the  use  of  the  electric  underflow  meter,  but 
the  northerly  progress  of  the  water  from  the  river  into  the  gravels 
could  be  noted  by  observation  of  the  changes  in  the  temperature  of  the 
ground  water  as  it  flowed  north.  The  river  water  was  much  warmer 
than  the  natural  ground  water,  and  the  increased  temperature  could 
be  followed  away  from  the  river  bank.  These  facts  are  shown  by  the 
temperatures  of  the  water  recorded  in  Table  11.  In  that  table  will  be 
found  the  following  entries: 

Temperature  of  uuter  of  river  and  test  w^lls^  June  20^  1904. 

River 71 

Te.«t  well  No.  3,  360  feet  north  of  river ...., 62.5 

Test  well  No.  1,  1 ,  100  feet  north  of  river 59 

The  water  taken  from  the  other  wells  had  a  somewhat  more  uniform 
temperature,  excepting  in  two  cases — that  taken  from  the  wells  at  sta- 
tion No.  10  and  station  No.  8.  At  station  No.  10,  at  a  depth  of  18 
feet,  the  temperature  was  51  ;  at  station  No.  8,  28  feet  below  the 
bottom  of  the  river,  the  temperature  was  48  ,  which  was  the  coldest 
water  found  at  an\'  point.  At  these  two  stations  the  direction  of  the 
underflow  was  the  most  southerly  of  any  found,  being  in  each  case 
121°  east  of  north. 

It  was  also  possible  to  partially  trace  inward  moving  ground  water 
originating  in  the  river  by  the  change  in  tiie  chemical  composition  of 
the  water.     Appamtus  was  at  hand  for  determining  the  alkalinity, 


Digitized  by  VjOOQI^ 


MEASUREMENTS    OF    THE   UNDERFLOW.  13 

hardness,  chlorine,  and  the  total  solids  dissolved  in  the  water;  and  this 
apparatus  was  used  to  secure  the  results  just  stated.  A  further  veri- 
fication of  the  inwardly  mov^ing  ground  water  was  found  in  the  changed 
slope  of  the  water  plane  during  the  flood  periods  in  the  river.  The 
water  plane  sloped  away  from  the  river  about  8  feet  to  the  mile  during 
the  first  stages  of  high  water,  and  corresponded  quite  accurately  with 
the  observed  velocities  of  the  water.  Fig.  3  shows  the  slope  of  the 
water  plane  on  June  23  and  July  3.  Several  gradients  corresponding 
to  other  dates  are  given  in  Table  1. 

MEASUREMENTS  AT  SHERLOCK,  KANS.  (CAMP  a). 

Several  underflow  measurements  were  taken  at  camp  2,  which  was 
situated  at  Sherlock,  Kans.,  7  miles  west  of  Garden.  The  results 
diifered  little  from  those  found  at  the  first  set  of  stations  at  camp  1, 
except  that  more  sorting  of  the  gravels  had  taken  place  at  the  latter 
point,  giving  greater  variety  to  the  rate  of  movement.  The  location 
of  the  various  test  wells  and  underflow  stations  is  marked  in  fig.  4. 
The  same  stations  are  shown  in  cross  section  in  fig.  5.  The  details  of 
the  results  are  printed  in  Table  2.  From  this  table  it  will  be  observed 
that  the  average  velocity  of  the  underflow  for  all  of  the  stations  was 
8.9  feet  per  twenty-four  hours.  The  mean  direction  of  the  motion  was 
i^S.5^  east  of  north,  which  may  be  compared  with  the  mean  direction  of 
the  river  valley  at  this  point,  which  was  computed  to  be  105^  east  of 
north.  There  was  some  water  in  the  river  throughout  all  of  the  time 
during  which  the  tests  were  made,  and  on  July  27  a  heavy  flood  swept 
down  the  river. 

Table  2. — Underflow  measurements  at  cavip  i^^  Sherlorkj  Kans. 


V-      .#      Depth      Velocity    I  Direction  i 
Date  of  test.  Jl^t'i^l,    I      f>f      '  ofj^'ound   of  flow,  east  IxK'Htion  and  remarks. 

i  «"»"on.     ^^.„^         water.      I   of  north.   ; 


1904.                j                   ,  Frd.      Ff.jurday.                  o 

July  16 !  13  1  18                 6.7  I  Gl.O  ,  700  feet  north  of  river. 

July30 j  21  j  28  22.9  ,  64.0  |          Do. 

July  31 <  22  i  28                2. 8  I  101. 0  '  1,700  feet  north  of  river. 

Julyl7 ?..'  14.  -22                9.11  75.0     In  channel,  500  feet  north  of  center. 

July23 ■  18  I  21;  16.0  |  101.0  '  In  channel.  20  feet  north  of  center. 

July22 17'  3*i                 3.0  j  10:^.0     In  channel,  210  feet  south  of  center. 

Julyl8 15  22  16.7  132.0            Do. 

JulyjS 20  26'               2.2  1-22.0     200  feet  south  of  river. 

July22 j  16  18,               2.0  |  79.0     2,100  feet  south  of  river. 

Average j 


8.9  ,  93.5 


Mean  direction  of  river  channel,  105°  east  of  north. 


Hy  studying  the  results  of  the  measurements  it  will  be  observed 
that  station  No.  22  was  on  the  border  of  the  second  bottoms,  1,700 
feet  north  of  the  north  bank  of  the  river.  The  velocity  at  this  stiition 
was  2.8  feet   per  day,  and  the  direction  of  flow  was  substantially 
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the  same  as  the  direction  of  the  river  valle}-.     This  result  is  impor- 
tant, as  the  measurement  was  made  on  July  31,  at  a  time  when  the 


SEC./3,T.t4S.,R.34W. 


Scale 
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ioo«  feet 
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Fig.  4.— Map  showing  location  of  underflow  stations  and  test  wells  at  Sherlock,  Kans.,  7  miles  west  of 
Ganlen.  The  vekK*lty  and  direction  of  flow  of  the  ground  water  are  shown  by  the  length  and  direc- 
tion of  the  arrows  at  the  various  stations.    The  depth  is  indicated  in  figures  at  each  station. 

flood  of  July  27  should  have  shown  some  influence  upon  the  direction 
of  flow,  if  it  had  any  at  all.  The  direction  of  motion  at  this  station 
was  in  marked  contrast  to  the  direction  of  flow  observed  at  stations 
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No.  13  and  No.  21,  located  in  the  first  bottoms,  700  feet  north  of  the 
river.  At  both  of  the  latter  stations  the  direction  of  flow  was  64"^ 
east  of  north,  or  in  a  direction  making  an  angle  of  41^  northeast  of 
the  general  direction  of  the  river  valley.  These  stations  were  within 
the  immediate  influence  of  the  fluctuations  of  the  height  of  the  water 
in  the  river. ** 

Of  the  stations  established  in  the  channel  of  the  river  itself,  it  is 
interesting  to  note  that  a  station  located  north  of  the  center  of  the 


Fig,  o.— Croew  section  at  camp  2,  near  Sherlock,  Kans.  The  total  solids  dissolved  in  the  ground  water 
at  various  depths  are  shown  in  parts  per  100,000  by  the  numbers  inclosed  in  rectangles.  The 
numbers  inclosed  In  circles  express  the  amount,  in  parts  per  100,000,  of  chlorine  found  at  the 
position  where  the  circles  are  placed.  The  contour  lines  show  the  position  of  water  of  the  same 
strength.    The  contribution  of  soft  water  from  the  sand  hills  is  very  apparent. 

channel  (station  18)  showed  a  component  of  velocity  northerly  to  the 
general  trend  of  the  valley,  while  a  station  south  of  the  channel  (sta- 
tion 15)  showed  a  component  of  velocity  southerly  to  the  direction  of 
the  valley.  At  station  No.  17,  in  the  channel  at  the  same  point  as  sta- 
tion No.  15,  but  at  a  greater  depth,  the  direction  of  the  flow  corre- 
sponded closely  with  the  direction  of  the  valley,  indic^iting  that  the 
influence  of  flowing  water  in  the  river  did  not  extend  so  deep.  Station 
No.  20  was  located  on  the  first  bottoms,  200  feet  south  of  the  south 
bank  of  the  river.  The  motion  at  this  point  showed  a  southerly  com- 
ponent, the  direction  of  flow  making  an  angle  of  17  with  the  direction 
of  the  vallev.     The  measurement  was  taken  while  the  river  was  in 


aThis  fact  will  be  further  illustratcfi  at  a  later  place  in  this  n-port. 
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flood.  Station  No.  16  was  located  in  the  border  of  the  sand  hilk, 
nearly  a  half  mile  south  of  the  river.  The  direction  of  flow  was  toward 
the  river  and  away  from  the  sand  hills,  as  should  be  expected  on 
account  of  the  excellent  collecting  area  offered  by  the  sand  hills  to  the 
minfall. 

The  fact  that  the  influence  of  the  river  only  extends  to  very  shallow 
depths  and  that  a  considerable  portion  of  the  ground  water  origi- 
nates in  the  sand  hills  is  shown  by  the  cross  section  (fig.  5).  The  con- 
tour lines  in  this  figure  correspond  to  equal  amounts  of  total  solids 
dissolved  in  the  ground  water.  The  soft  water  from  the  sand  hills  can 
be  observed  to  be  crowding  the  strong  water  of  the  underflow  to  the 
north  of  the  valley. 

MEASUREMENTS  AT  DEERFIELD,  KANS.  (CAMP  3). 

Camp  8  was  established  near  the  Deerfield  bridge,  14  miles  west  of 
Garden.  The  valley  at  this  point  lies  mostly  south  of  the  channel. 
All  of  the  south-side  lands,  to  the  edge  of  the  sand  hills,  would  proha- 
bly  be  classed  as  •' first  bottoms."  The  surface  of  the  ground  on  these 
lands  is  only  a  few  feet  above  the  river  bed  and  the  soil  is  unusually 
sandy.  The  topography  of  the  sand  hills  south  of  the  bottom  lands  is 
unusually  well  adapted  for  collecting  the  rainfall,  there  being  several 
level  stretches  inclosed  or  hemmed  in  by  the  hills.  A  short  distance 
south  of  station  No.  23  there  are  found  the  remains  of  a  former  river 
bank,  indicating  that  an  ancient  channel  extended  as  far  south  as  sta- 
tion No.  23  (see  fig.  6). 

On  the  north  side  of  the  channel  the  river  sweeps  a  high  bank  from 
6  to  10  feet  above  the  river  bed  for  a  distance  of  about  3  miles.  The 
uplands  begin  not  more  than  1  mile  north  of  the  river. 

Since  the  channel  here  borders  the  extreme  north  margin  of  the 
valley  the  underflow  measurements  were  made  south  of  the  river  or 
in  the  channel.     The  results  are  printed  in  Table  3. 

Table  3. —  Vmlerflow  measurtmenis  at  camp  Sy  Ikerfieldy  Kanx. 


Date  of  lest. 

1904. 

August  r> 

Do 

August  5 


No.  of 
station. 


Depth  Velocity  of    Direction  | 

of     I     ground     of  flow  east  Location  and  remarks. 

well.s.       water.     |  of  north.  ' 


;  Fctt. 

25  ^  16 

•24  j  21 

23  24 


Ft.  jter  day. 


Augusts 1  26  36  1  9.2  111.0  Do. 

August9 j  27  24,  14.8  129.0     1,050  feet  south  of  river 


August  12 1  28  21  ,  1.25  74.0     1,800  feet  south  of  river. 

September  2-2 29  17  1.6  56.0     1.8  miles  south  of  river. 

August  17 82  31  2.2  63. 0  1  1 .800  feet  south  of  nver. 

Average 


6.8 

66.0 

12.5 

67.0 

19.2 

111.0 

9.2 

111.0 

14.8 

129.0 

1.25 

74.0 

1.6 

56.0 

2.2 

63.0  ' 

8.4 

84.6  1 

In  channel  at  center. 

In  channel  400  feet  south  of  center 

500  ieet  south  of  river. 


Mean  direction  of  river  channel,  70°  east  of  north. 
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The  average  velocity  of  the  ground  water,  8.4  feet  per  twenty-four 
hours,  compares  accurately  with  the  average  velocities  found  for 
stations  similarly  located  at  previous  camps.  The  mean  direction  does 
not  correspond   as  accurately  with  the  general   trend  of  the  river 


Fig.  6. — ^Map  showing  the  location  of  underflow  stations  at  camp  3,  near  Deerfield,  Kans.  The 
velocity  and  direction  of  flow  of  the  ground  water  is  shown  by  the  length  and  direction  of  the 
arrows.    The  depth  is  indicated  In  figures  at  each  station. 

channel  as  at  other  stations,  probably  in  part  owing  to  the  fact  that 
the  river  has  at  this  point  a  very  northerly  course. 

It  will  be  observ^ed  that  the  direction  of  flow  at  stations  Nos.  ii3,  26, 
and  27,  which  are,  respectively,  600,  500,  and  1,050  feet  south  of  the 
river,  had  a  strong  southerly  component,  the  resultant  direction  of 
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motion  making  angles  in  the  three  cases  of  41^,  4-1^,  and  59^,  respec- 
tively, away  from  the  river.  These  are  to  be  contrasted  witii  the 
direction  of  motion  nearer  the  sand  hills,  at  stations  Nos.  29  and  32, 
where  the  direction  of  flow  was  away  from  the  sand  hills  and  toward 
the  river,  the  direction  of  flow  in  the  two  cases  making  angles  of  14^ 
and  7^,  respectively,  toward  the  channel  of  the  river. 

MEASUREMENTS  AT  CLEAR  LAKE,  NEAR  HARTLAND,  KANS. 

(CAMP  4). 

About  2i  miles  southeast  of  Hartland,  Kans.,  in  section  13,  T.  25  S., 
R.  37  W.,  there  is  situated  a  small  body  of  water  called  Clear  Lake. 
This  pond  is  nearly  circular,  320  feet  in  length  and  280  feet  across  at 
the  narrowest  point.  The  pond  is  located  within  500  feet  of  the  south- 
side  ditch,  and  the  owners  of  the  canal  have  had  under  serious  consid- 
eration the  erection  of  a  pumping  plant  to  take  water  from  the  pond 
to  supply  the  ditch  with  water  for  irrigation.  It  was  expected  by 
the  promoters  of  this  scheme  that  the  lake  would  act  as  an  enormous 
well  and  would  furnish  a  large  amount  of  water  when  its  lev^el  was 
lowered  by  means  of  large  centrifugal  pumps. 

There  have  been  the  usual  rumors  current  among  the  settlers  to  the 
effect  that  the  pond  was  very  deep,  and  that  its  elevation  was  independ- 
ent of  the  amount  of  rainfall  or  the  fluctuations  in  the  river,  which  at 
this  point  is  about  1  mile  northwest  of  the  pond.  Investigations 
showed  that  the  water  in  the  lake  was  11  feet  below  the  water  in  south- 
side  ditch.  The  location  of  the  lake  with  reference  to  the  ditch  and 
the  topography  near  it  is  shown  on  the  map,  fig.  7.  This  is  a  5-foot 
contour  map  of  the  district  surrounding  the  lake,  made  from  the  level 
of  the  water  in  the  pond  as  datum,  Mr.  H.  E.  Hedge,  engineer  of 
the  south-side  ditch,  furnished  the  field  party  much  assistance,  and 
especially  aided  them  in  the  construction  of  a  raft  from  which  to  take 
soundings,  so  as  to  make  a  hydrographic  map  of  the  bottom  of  the 
lake.  The  shores  slope  at  an  angle  of  about  35^  to  a  depth  of  16 
feet,  where  there  is  practically  a  flat  level  floor  of  mud.  At  this  depth 
the  diameter  of  the  lake  is  about  100  feet.  From  this  it  can  be  com- 
puted that  the  total  volume  of  the  lake  is  483,000  cubic  feet,  or  that 
the  lake  contains  about  11  acre- feet  of  water.  The  bottom  of  the  lake 
consists  of  an  accumulation  of  black  muck,  which  is  very  soft.  A  test 
well  was  sunk  in  the  center  of  the  lake  from  the  raft  for  the  purpose 
of  determining  the  character  of  the  material  at  the  bottom,  so  as  to 
settle,  OS  far  as  practicable,  the  question  of  whether  the  lake  could  be 
used  as  a  large  well  from  which  to  secure  a  supply  of  water.  In  sink- 
ing a  2-inch  pipe  for  this  purpose  it  was  found  that  it  would  sink  of 
its  own  weight  to  a  depth  of  30  feet.  The  pipe  was  then  forced 
down  without  driving  to  a  depth  of  40  feet,  after  which  it  was  easily 
jetted  and  driven  to  a  depth  of  62  feet  below  the  water,  or  46  feet 
under  the  bottom  of  the  lake.     In  clearing  the  material  from  the  2-incb 
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pipe  75  feet  of  wash  pipe  was  used,  so  that  samples  were  washed  up 
from  a  depth  of  about  12  feet  below  the  bottom  of  the  2-inch  well. 
The  material  washed  out  consisted  of  black  mud  and  clay,  with  some 
quicksand. 


Fig.  7.— Map  showing  location  of  underflow  stations  and  test  wells  near  Clear  Lake,  Kansa^i. 

A  line  of  levels  was  run  from  Clear  Lake  to  Arkansas  River  as 
nearly  as  practicable  at  right  angles  to  the  direction  of  the  river 
channel.  The  result  of  this  leveling  showed  that  the  river  was  at 
least  8  feet  higher  than  the  lake.« 

a  Field  notes  show  that  the  river  was  quite  high  at  the  time  of  the  observation  on  August^,  1904. 
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This  result  waa  somewhat  surprising,  so  that  a  second  line  of  levels 
was  run  to  the  river  along  the  ea^^t  line  of  section  13  until  this  line 
intersected  the  river.  This  line  of  levels  intersected  the  river  at  a 
point  three-fourths  of  a  mile  below  the  former  point.  The  river  at 
this  point  was  found  to  be  3  feet  higher  than  the  surface  of  Clear 
Lake.  Since  the  river  slopes  about  7^  feet  to  the  mile,  this  checks 
the  former  measurement  that  the  river  opposite  the  pond  is  8  feet 
higher  than  the  water  in  the  latter. 

The  a}>ove  observations  seem  to  indicate  that  the  small  pond  known 
as  Clear  Lake  is  one  of  the  many  circular  depressions  which  are  found 
throughout  the  western  plains,  and  which  have  been  fully  described 
by  Mr.  Willard  D.  Johnson.^ 

This  small  pond  is  of  especial  interest  because  it  is  in  line  with  the 
dry  channel  of  a  plains  stream  called  Bear  Creek.  This  stream  rises  in 
Colorado,  and  near  the  western  border  of  Kansas  has  a  well-marked 
valley,  eroded  to  a  depth  of  nearly  100  feet,  but  as  it  approaches 
Arkansas  River,  near  the  north  edge  of  Grant  County,  it  loses  this, 
and  its  waters  spread  out  on  the  plains  and  sink.  The  ordinary  flow 
of  this  stream  is  very  j^mall,  but  during  times  of  heavy  rain  in  eastern 
Colorado  and  western  Kansas  it  may  carry  a  large  quantity  of  water, 
which  it  pours  out  upon  the  high  plains  of  northern  Grant  County  and 
into  the  sand  hills  along  the  south  side  of  Arkansas  River.  On  some 
occasions  the  freshets  in  this  stream  have  been  so  severe  that  the 
waters  have  nearly  reached  the  Arkansas.  There  is  a  slight  elongated 
depression  extending  through  the  sand  hills  in  line  with  Clear  Lake, 
which  makes  it  possible  to  believe  that  the  waters  of  Bear  Creek  have 
on  some  occasions  in  the  past  extended  to  the  Arkansas,  but  so  far  as 
known  there  is  no  settler  who  can  testify  to  having  actually  observed 
such  an  event. 

It  can  easily  be  believed,  from  the  rather  remarkable  character  of 
Bear  Creek,  that  settlers  would  naturally  associate  Clear  Lake  with  the 
disappearing  waters  of  Bear  Creek,  so  that  the  story  would  become 
current  that  Clear  Lake  was  merely  an  evidence  or  indication  of  the 
existence  of  an  underground  stream  extending  from  the  sand  hills  to 
Arkansas  Valley  itself.  On  this  account  belief  in  the  adaptability  of 
the  lake  for  a  supply  of  a  large  quantity  of  water  for  irrigation  has 
been  prevalent,  so  that  an  investigation  of  the  conditions  surrounding 
the  lake  has  importance.  There  are  several  streams  of  the  same  type 
as  Bear  Creek  in  western  Kansas. 

Underflow  stations  Nos.  33, 35,  and  36  were  established,  as  shown  on 
the  map  (fig.  7),  for  the  purpose  of  determining  the  direction  and  mag- 
nitude of  the  velocity  of  the  underground  water.  It  was  hoped  to 
determine  in  this  way  whether  or  not  there  was  any  seepage  at  this 
point  from  the  direction  of  Bear  Creek  toward  Arkansas  Valley.     The 

«  The  High  Plains  and  their  utilization:  Twenty-first  Ann.  Rept.U.  S.  Oeol.  Survey,  pt.  4,  1900,  pp. 
609.  693-715. 
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direction  and  velocity  of  movement  are  indicated  by  the  arrows  shown 
in  fig.  7,  and  the  details  of  the  measurement  are  given  in  Table  4. 
Station  No.  33,  25  feet  south  of  Ctear  Lake,  gave  a  velocity  of  5  feet 
a  day ;  the  direction  was  almost  exactly  across  the  dry  channel  of  Bear 
Creek  and  in  the  general  direction  of  Arkansas  Valley.  Station  No. 
36,  located  at  the  same  place,  but  at  a  depth  of  38  feet,  showed  a 
velocity  of  4.3  feet  in  the  same  direction.  Station  No.  35, 150  feet  north- 
west of  Clear  Lake,  showed  a  velocity  of  5  feet  a  day  at  a  depth  of  30 
feet.  The  velocities  observed  at  this  point  may  have  been  due  in  part 
to  seepage  from  the  south-side  ditch,  as  the  direction  was  almost 
directly  away  from  this  ditch  and  in  the  general  direction  of  the  slope 
of  the  ground.  Even  if  this  be  the  case,  it  nevertheless  proves  that 
there  is  no  seepage  nor  movement  of  ground  water  extending  down  the 
so-called  channel  of  Bear  Creek,  for  if  there  had  been  such  motion  the 
resultant  velocity  found  would  at  least  have  shown  a  component  of 
motion  in  the  direction  of  the  flow  in  the  channel  of  Bear  Creek.  It 
would  be  impossible  for  the  seepage  from  south  side  ditch  to  disguise 
completely  a  ground-water  movement  in  another  direction. 

Table  4. —  Underflow  measurements  at  camp  4i  Clear  Lake^  near  Hartland,  Kans, 


Date  of  test. 


19M 
August  19  . 
August  20  . 
August  21  . 


No.  of 
station. 


Depth    Velocity  of    Direction 

of  ground     of  flow,  ea-st 

welb*.        water.        of  north. 


Feet.     Ft.  per  day. 


5.0 
3.1 
4.3 


74 
101 
74 


Location  and  remarks. 


26  feet  southwest  of  Clear  Lake. 
150  feet  northwest  of  Clear  Lake. 
25  feet  southwest  of  Clear  Lake. 


An  attempt  was  made  to  sink  a  set  of  wells  at  station  No.  34,  230 
feet  south  of  Clear  Lake.  At  this  point  wells  were  driven  to  a  depth 
of  40  feet,  but  the  material  was  so  fine  that  no  water  could  be  pumped 
from  the  wells,  except  a  very  little  at  a  depth  of  16  feet.  On  this 
account  no  test  was  made. 

It  can  easily  be  concluded  from  the  tests  made  abov^e  that  it  is  not 
feasible  to  use  Clear  Lake  as  a  well  from  which  a  large  quantity  of 
water  can  be  pumped  for  irrigation  purposes.  While  Clear  Lake 
undoubtedly  has  direct  connection  with  the  surrounding  ground  water 
and  shows  the  level  of  the  ground  water  in  its  neighborhood,  the  evi- 
dence from  the  character  of  the  material  encountered  in  stations  Nos. 
33,  35,  and  36,  and  the  evidence  from  direct  observation  of  the  flow  of 
the  water  and  the  material  encountered  in  the  deep  well  sunk  in  the 
middle  of  the  lake,  show  that  the  pond  is  not  favorably  situated  for 
use  as  a  source  of  a  large  supply  of  water  for  the  south-side  ditch. 

These  observations  also  show  that  no  ground  watei-  reaches  either 
Clear  Lake  or  Arkansas  River  from  the  lost  waters  of  Bear  Creek. 
Any  seepage  water  approaching  Arkansas  Valley  from  Bear  Creek 
must  take  up  a  generally  easterly  movement  almost  immediately  upon 
entering  the  sand  hills. 
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MEASUREMENTS    OF    THE    UNDERFLOW   AT  THE    NARROWS    OF 
ARKANSAS  RIVER,  NEAR  HARTLAND,  KANS.  (CAMP  5). 

Two  miles  west  of  Hartland,  Kans.,  Arkansas  River  flows  between 
rock  bluffs,  the  distance  between  which  at  the  narrowest  poition  is 


2,250  feet.     The  river  channel  occupies  900  feet  of  this  distance,  only 
a  portion  of  which  was  utilized  by  flowing  water  on  August  24,  19W' 
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Test  wells  A,  B,  and  C  were  driven  to  shallow  depths  for  the  pur- 
pose of  determining  the  slope  of  the  water  plane  through  the  Narrows. 
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In  addition  to  these  test  wells,  the  elevation  of  the  water  was  taken 
at  Demlinger's  well  and  in  the  wells  of  station  No.  38,  and  in  test  wells 
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driven  for  the  pui'pose  of  testing  for  rock.  These  welk  form  a  line 
alK>ut  a  mile  long,  as  indicated  on  the  map  (fig.  8).  The  gradient  of 
the  water  plane  in  the  first  portion  of  this  line  was  7.5  feet  per  mMe; 
in  the  next  portion  it  was  6.4  feet  per  mile,  and  in  the  next  9.2  feet 
per  mile.  Just  above  the  Narrows  the  gradient  was  found  to  be  11.4 
feet  per  mile,  and  in  the  last  portion,  in  the  Narrows  itself,  the  slope 
of  the  water  plane  was  8.5  feet  per  mile.  A  profile  showing  these 
gradients  is  given  at  the  bottom  of  fig.  9. 

Test  wells  Nos.  1  and  2  (shown  in  fig.  8)  were  driven  for  the  pur- 
pose of  testing  for  bed  rock.  What  is  believed  to  be  rock  was 
struck  at  tt*st  well  No.  1,  at  elevation  3,011.7,  or  37  feet  below  the 
water  plane,  and  at  test  well  No.  2  rock  was  reached  at  elevation 
3,009.8,  or  39.3  feet  below  the  water  plane.  Rock  was  also  struck  at 
station  No.  38  at  38.75  feet  below  the  water  plane.  As  a  diamond 
drill  was  not  at  hand,  the  evidence  that  bed  rock  wa.s  reached  is,  of 
course,  not  conclusive.  The  only  test  that  could  be  applied  was  the 
evidence  supplied  by  the  drill  on  the  wash  pipe  and  by  the  way  in 
which  the  2-inch  casing  acted  when  an  attempt  was  made  to  drive  it 

Two  measurements  were  made  of  the  rate  of  movement  of  the 
undei^flow  near  the  center  of  the  Narrows  at  stations  Nos.  37  and  38. 
The  velocities  determined  were  9.6  feet  per  twenty -four  hours  at  a 
depth  of  16  feet  and  3.4  feet  per  twenty -four  hours  at  a  depth  of 
25  feet. 


Table  5. —  Underflow  ineaMiremenUt  at  camp  5,  Narrows  of  Arkansas  River j  near  Hart- 
Ian  d^  Kans. 


Date  of  test. 


No.  of 
stAtion. 


1904. 
AugUKt23  ... 
August '26  ... 


37  I 

38  ; 


Depth 

of 
wells. 


Feet. 
16 
25 


Velocity  of  Direction  ' 
ground  of  flow,  t»Hst, 
water.     '   of  north. 


M.  }t€r  day. 
9.6 
3.4 


Ivocation  and  remark.*!. 


Center  of  channel. 
Do. 


From  the  cross  section  of  the  Narrows  (shown  in  fig.  9)  an  estimate 
can  be  made  of  the  amount  of  water  which  flows  through  the  Narrows. 
The  total  cross  section  of  the  sands,  assuming  the  above  test  borings 
as  indicating  the  true  position  of  bed  rock,  is  75,000  square  feet. 
Assuming  one-third  as  the  porosit}^  of  the  sands  and  10  feet  per  day 
as  the  average,  velocity  of  the  groundwater,  the  total  flow  through  the 
Narrows  would  be  250,000  cubic  feet  per  day,  or  2.9  cubic  feet  per 
second.  The  actual  average  velocity  of  the  underflow  is  undoubtedly 
much  less  than  10  feet  per  day,  so  that  the  above  result  represents  the 
maximum  that  can  be  claimed  in  a  high  estimate. 
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FliUCTUATIONS  OF  GROUND- WATER  XiKVEL,. 

INFLUENCE  OF  RAINFALL  AND  OF  HEIGHT  OF  WATER  IN 
ARKANSAS  RIVER  ON  THE  GROUND-WATER  LEVEL. 

During  the  field  work  of  the  summer  several  opportunities  were 
found  to  observe  the  influence  of  a  change  of  level  of  the  water  in  the 
river  upon  the  water  plane  in  the  adjacent  bottom  lands.  The  summer 
of  1904  was  especially  favorable  for  observations  of  this  kind,  as  the 
season  was  an  exceptional  one,  both  in  respect  to  the  rainfall  and  as  to 
the  quantity  of  water  flowing  in  the  river.  There  was  water  in  Arkansas 
River,  in  western  Kansas,  during  nearly  all  of  the  time  from  the  mid- 
dle of  June  to  the  middle  of  September,  and  on  seveml  occasions  floods 
of  marked  suddenness  and  great  severity  passed  down  the  river.  The 
rainfall  during  the  same  period  was  above  the  average.  The  record 
of  rainfall  from  May  1  to  October  1,  as  observed  by  the  volunteer  sta- 
tion of  the  United  States  Weather  Bureau  at  Garden,  Kans.,  is  given 
in  Table  6. 

Tabijs  6. — Daily  precipitation^  Garden^  Kans,,  May  1  to  tkptemher  SO,  1904. 


Date. 

May. 

1 

0.58 

Trace. 

1.82 

.76 

.0 

.0 

.0 

.20 

.0 

.0 

.0 

Trace. 

.0 

.0 

Trace. 

.0 

.0 

.0 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 ^ 

17 

18 

19 

.0 

20 

.0    i 

21 

.w      1 

.03 

22 

.86  1 

23 

.0 
.0 
.0 

24 

25 

26 

.0 

a  Much  less  at  Sherlock, 


June 

0.0 
.26 
.04 
.0 
.0 
.0 
.0 
.0 
.?2 
.0 
.0 
.0 
.30 
.0 
.0 

Trace. 
.19 
.0 
.0 
.0 

Trace. 
.94 
.0 
.0 
.0 
.0 

Kan». 


July. 

August. 

September. 

0.0 

0.03 

0.0 

.0 

.0 

.24 

.0 

.0 

.0 

.95 

.28 

.0 

Trace. 

.0 

.0 

.12 

.45 

.0 

.65 

.0 

.0 

1.10 

.0 

.0 

.0 

Trace. 

.0 

.05 

.0 

.0 

.0 

.0 

.0 

1.32 

.0 

.0 

.08 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.04 

.0 

.0 

.32 

.0 

Trace. 

.0 

.0 

Trace. 

.0 

.0 

a  1.42 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.06 

.11 

.0 

.0 

.0 

.0 

25 
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Table  6. — JkiUy  prenpitatlofiy  Garden,  Kans.y  May  I  to  September  SO,  1904 — Continued. 
Date. 


27. 

2H. 
•29. 
30. 
31.' 


Total  . 


0.03  . 

Juue. 

July. 

August. 

September. 

0.0 

0.0 

0.0 

0.10 

'            .(H 

.20  , 

.0 

.0 

1.86 

.0   1 

.0 

.0 

.0 

1.10 

1           .0    ' 

.0 

.0 

.09 

.10 

0 

Trace. 

Trace. 

,   ^-^1 

2.U 

5.65 

1.S2 

3.39 

Total  for  tive  moiithh.  17.*30. 

Observations  of  the  water  plane  were  made  very  systematically 
during  the  various  stages  of  the  water  in  the  river  by  Mr.  Wolff, 
who  was  in  charge  of  the  party  making  the  field  observations.  The 
results  of  these  observations  are  given  in  the  accompanying  diagrams, 
which  Mr.  Wolff  has  constructed  from  the  field  notes.  The  first 
underflow  determinations  were  made  at  the  camp  located  about  2  miles 
west  of  Garden,  Kans.,  on  the  ranch  of  Mrs.  M.  Richter,  which  is 
referred  to  in  the  text  as  camp  1.  At  this  camp  a  number  of  shallow 
test  wells  were  put  in  place  for  the  special  purpose  of  observing  the 
position  of  the  water  plane.  These  test  wells  are  shown  on  the  map 
(fig.  2),  from  which  it  will  be  observed  that  test  wells  Nos.  1  and  2 
were  located  north  of  the  river  bank  at  a  distance  of  about  1,070  feet; 
test  well  No.  3  was  closer  to  the  river,  at  a  distance  of  about  360  feet 
from  the  north  bank.  A  large  well  located  on  the  ranch  of  Mi's. 
Richter,  and  used  for  irrigation,  was  also  used  for  the  purpose  of 
keeping  track  of  the  fluctuations  of  the  water  plane.  The  location  of 
this  well  is  shown  on  the  map  (fig.  2)  near  the  quarter- section  comer 
in  the  upper  right-hand  corner  of  the  map.  As  will  be  observed,  this 
well  is  situated  a  considemble  distance  upstream  from  test  wells  Nos. 
1,  2,  and  3;  hence  the  water  in  it  stood  much  higher  than  that  in  the 
test  wells,  since  the  water  plane  slopes  eastward  at  the  rate  of  about 
7i  feet  per  mile.  The  land  in  which  test  wells  Nos.  1,  2,  and  3  are 
situated  is  what  is  commonly  called  in  that  locality  *'fii'st  bottoms." 
Immediately  north  of  test  wells  Nos.  1  and  2  the  ''second  bottoms" 
begin,  the  land  here  being  some  3  to  5  feet  higher  than  in  the  "first 
bottoms."  Two  sloughs  shown  on  the  map  were  grass  covered,  but 
contained  more  or  less  water  either  during  high  stages  of  the  river 
or  after  heavy  rains.  In  fig.  10  the  elevations  of  water  in  Arkaasas 
River  from  June  16  to  July  11,  1904,  and  the  elevations  in  test  wells 
Nos.  1,  2,  and  3  and  in  Mrs.  Richter's  well  are  represented  graphic- 
ally. The  elevations  are  expressed  in  feet  above  mean  sea  level,  as 
determined  from  the  United  States  Geological  Survey  permanent 
bench  marks  in  the  valley.  The  detailed  observations  at  these  stations 
are  printed  in  Table  7,  in  which  the  elevations  are  given  in  feet  above 
mean  sea  level.  The  observation  of  the  height  of  the  river  was  made 
from  a  gage  rod  set  up  in  the  river  and  observed  from  the  bank  with 
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a  level.  Observations  were  made  morning  and  evening  during  the 
period  covered  by  the  table.  Th^re  were  occasional  omissions  of 
observation  of  river  height,  due  to  the  absence  of  the  level  from 
camp. 

Table  7. — Elevation  of  ground  water  in  the  Arkansas  River  and  in  test  wells  near  camp 
ly  S  miles  west  of  Garden^  Kans. 


[Wells  Nos.  1 

I  and  2  are  1,070  feet  north  of  river;  well  No.  3  is  360  feet  north  of  river.    Datum  is  2,800 
feet  above  mean  sea  level.] 

Date. 

Time. 

Eleva- 
tion of 
water  In 
wellNo.l. 

Feet. 
33.97 

!»  8A 

Hydrau- 
lic gradi- 
ent per 
mile  from 
well  No.  2 
to  well 
No.  1. 

Eleva- 
tion of 
water  in 
well 
No.  2. 

Hydrau- 
lic gradi- 
ent per 
mile  from 
well  No. 
1  to  well 
No.  3. 

Elevation 

of  water 

in  well 

No.  3. 

Eleva-    Barometric 

tion  of     pressure  in 

water  in     inches  of 

river.       mercury. 

1904. 
June  16 

12m 

6d.  m 

F^. 

1 
Feet.           Feet. 

Feet. 


Feet.          Inches. 
36. 7               28. 60 

Do    .  . 

, 

26.54 
26.62 
26.65 

June  17 

6a.  m 33.90 

Do 

12m .....         33.87 

C  p.  m                  

' 

Do  .     . 

June  18 

fin    tn                     '          M  98 

26.63 

Do 6p.  m 1        33.76 

June  19.          Com               I       33.75 

6.4 

4  7 

33.53 
83.58 
33.60 

6.3 
5.9 
5.3 

34.61 
34.55 
34.61 
34.41 
84.47 
34.33 
34.38 
35.02 

36.2 

26.50 
26  45 

June20 6a.in 33.»9               8.1 

36.1 
86.0 

Do 

June  21 

Do 

Do 

6  D.  m    

6  a.  m 

12m 

33.82 
33.59 

4.8 
5.5 

36.0               26.47 

6.4 

33.36 

fi  p.  ni 

33.77  t           7.2 

33. 51             4. 5 

June 22 1  (>  n.  m 

34.45 

8.9 

34.13 

4.2 

Do 

Do 

l'2m 

6  n.  m 

33.94 
34.05 
33.87 
34.00 
33.77 
33.93 

8.8 
7.6 
8.0 
7.1 
6.8 
5.1 
3.6 

35.12 
35.07 
34.95 
34.95 
34.69 
34.61 
34.42 

37.7 

Jnne23 6a.m 

Do 6p.  m 

June  24 16  a.  m.   . 

6.7 

33.81 

36.9 
36.9 
36.5 
36.3 
36.2 
35.9 

26.27 

6.9 
6.7 

8.1 

38.75 
33.53 
33.64 

Do 

June  25 

June  26 

Do 

June  27 

Do 

June  28 

June  29 

Do 

July  1 

Do 

July  2 

Do 

Julys 

Do 

July4 

Julys 

July6 

July7 

Do 

Julys 

6  p.  m 

6  a.  m 

26.35 

6a.m 

12m 

33.93 
33.77 
33.93 

6. 1           ^.  5ft 

6a. m 

7.7 

33.67 

3.9 

34.45 

35.9 
35.9 
a5.9 
35.8 
35.8 
85.7 
35.7 

6  p.  m 

6  p.  m 

6  a.  m 

6  p.  m 

6  a.m 

6  p.m 

6  a.  m 

1 

35.7 

6  p.m 

35.7 
35.7 
35.6 
35.6 
35.6 
35.6 
36.6 

6  a.m 

6  p.m 

33.19 

6.7 

32.95 

7.2 

34.16 

6  a.m 

6  a.m 

C  a.m 

6  a.  m 

33.99 

7.2 

33.73 

2.72 

34.35 

6  p.m 

3.'>.6 

6  a.m 

34.53 
83.88 

7.2 
8.^ 

34.27 
83.59 

8.64 
1  71 

35.02 

July9 

July  10 

July  11 

6  a.  m 

34. 11             S.V  7 

6  a. m..^ 

3.\6 
9S  « 

6  a.  m 

33.68 

8.1 

33.39            3.15 

34  10 
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From  the  morning  of  June  21  until  noon  of  June  22,  which  are  left 
blank  in  the  table,  there  was  no  material  change  in  the  height  of  the 
river.  The  water  in  the  river  slowly  sank  during  the  period  co^^red 
from  noon  of  June  16  to  noon  of  June  22.  The  record  shown  in  fig.  10 
begins  on  June  16.  The  levels  in  the  various  wells  remained  substan- 
tially stationary  from  that  date  until  June  22.  During  the  night  of 
June  21  a  heavy  rain  fell,  which  is  given  on  the  official  record  at 
Garden  as  0.94  of  an  inch.  The  test  wells  on  the  morning  of  June  22 
showed  marked  changes  in  the  elevation  of  the  ground  water,  due  to 
the  rain  of  the  previous  night.  Well  No.  1  rose  0.68  of  a  foot;  well 
No.  2  rose  0.62  of  a  foot;  well  No.  3  rose  0.64  of  a  foot,  while  the 
Richter  well  rose  0.05  of  a  foot  before  noon  of  June  22,  and  by  the 
morning  of  June  24  had  risen  0.10  of  a  foot.  The  river  remained  sta- 
tionary until  3  p.  m.  of  June  22,  when  a  flood  consisting  of  an  abrupt 
wave  swept  down  the  river,  causing  a  rise  of  1.7  feet.  Notwith- 
standing this  rise  in  the  river,  the  water  in  test  wells  Nos.  1  and  2, 
1,070  feet  from  the  river,  fell  during  the  interval  between  the  morn- 
ing and  evening  of  June  22,  while  test  well  No.  3,  which  was  situated 
within  360  feet  of  the  riv^er  bank,  was  only  0.1  higher  at  6  p.  m.  of 
June  22  than  it  was  at  6  a.  m.  on  the  same  day.  These  results  show 
that  the  heavy  rain  of  the  night  of  June  21  raised  the  water  in  all  of 
the  test  wells,  but  that  the  flood  of  the  afternoon  of  June  22  raised 
the  water  only  in  the  well  nearest  the  river.  The  river  gi*aduallj 
receded  from  the  high-water  mark  reached  on  the  afternoon  of  June 
22,  and  all  of  the  test  wells  gradually  fell.  There  was  no  rain  until 
July  4,  except  a  slight  shower  on  June  28.  Test  wells  Nos.  1,  2,  and 
3  showed  a  tendency  to  fall,  although  the  water  in  the  river  was  from 
2  to  3  feet  higher  than  the  water  in  the  wells  during  all  of  this  period. 

The  rise  in  the  water  plane  from  6  p.  m.  of  June  21  to  6  a.  m.  of  June 
22,  amounting  to  a  rise  of  0.68  foot  in  test  well  No.  1  and  0.62  foot  in 
test  well  No.  2,  was  due,  as  stated  above,  to  a  heavy  rain  which  fell  dur- 
ing the  night.  From  the  data  at  hand  it  is  possible  to  express  the 
magnitude  of  the  contribution  to  the  underflow  as  so  many  cubic  feet 
of  water  for  each  mile  of  the  river  valley.  If  this  contribution  be  sup- 
posed to  extend  uniformly  over  a  given  period  of  time,  then  the  addi- 
tion to  the  ground  water  may  be  expressed  as  a  continuous  flow  of  so 
many  cubic  feet  of  water  per  second  for  each  linear  mile  of  the  river 
valle3\  Thus,  in  the  present  case,  if  we  suppose  that  the  rainfall  of  the 
night  of  June  21  fell  unifoimly  during  the  twelve  hours  from  6  p.  m. 
to  6  a.  m.,  we  can  readil}^  compute  that  the  observed  increased  amount 
of  ground  water  was  equivalent  for  each  mile  of  valley  along  the  river 
to  a  continuous  flow  of  water  amounting  to  23.8  cubic  feet  per  second. 
To  put  this  in  other  words,  we  can  sa^v  that  if  the  sands  of  the  valley 
had  contributed  to  the  river  by  seepage  all  of  the  watp*  which  the  min 
added  to  these  same  sands,  the  seepage  would  amount  to  a  continuous 
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flow  into  ea<5h  mile  of  the  river  of  23.8  cubic  feet  per  second,  main- 
tained for  twelve  hours. 
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In  a  similar  way,  if  the  water  contributed  to  the  ground  by  the  flood 
in  the  river  from  3  p.  m.  to  6  p.  m.  of  June  22  be  considered  as  spread 
uniformly  over  twelve  hours,  it  can  readily  be  computed  that  the  gain 
by  the  ground  due  to  this  cause  represents  a  seepage  loss  for  each  mile 
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UNDERFLOW  IN  ABKANSAS  VALLEY,  WESTERN  KANSAS. 


of  the  river  of  6.4  cubic  feet  of  water  per  second.  It  can  readily  be 
seen,  therefore,  that  the  rainfall  contributed  a  much  greater  volume  of 
water  to  the  underflow  than  was  contributed  by  the  flood  in  the  river. 

The  average  rise  of  the  ground  water  during  the  night  of  June  21 
was  such  that  it  would  require  a  rainfall,  without  run-off,  of  2.2  inches 
toiully  account  for  it.  The  rainfall  recorded  at  Garden  for  the  night 
of  June  21  was  0.94  inch.  The  difference  between  the  measured  vise  of 
the  ground  water  and  the  rainfall  is  explained  by  the  fact  that  there  is 
almost  no  run-off  from  the  level  lands  of  the  river  valle}^  so  that  nearly 
all  of  the  drainage  is  underground  by  means  of  the  deposits  of  sands 
and  gravels.  The  seepage  of  this  drainage  is  in  part  toward  the  low- 
water  plane  along  and  near  the  river  channel.  At  such  a  place  the 
amount  of  rise  in  the  ground  water  would  naturally  be  higher  than 
could  be  accounted  for  by  the  localized  rainfall. 

After  the  high  water  of  June  22  the  river  graduall}'^  fell  until,  on 
the  morning  of  June  27,  it  had  reached  an  elevation  of  2,835.9  feet, 
which  was  0.1  foot  lower  than  its  elevation  on  the  morning  of  June  22. 
The  water  in  the  test  wells  gradually  fell  during  the  same  period,  the 
corresponding  loss  of  ground  water  being  given  in  Table  8  as  a  con- 
tinuous flow  of  water  expressed  in  cubic  feet  per  second  for  1  mile  of 
river  valley.  By  the  morning  of  June  27  nearly  all  of  the  water  con- 
tributed to  the  sands  of  the  valley  by  the  rain  of  June  21  and  the  flood 
of  June  22  had  disappeared.  The  gain  and  loss  can  be  expressed  as 
follows,  in  the  form  of  a  balance  sheet: 


Table  8. — Loss  an(l  gain  of  ground  water  per  mile  of  river  valley ,  1904- 
I.— FROM  RIVER  TO  WELL  NO.  1,  1,070  FEET  NORTH  OF  RIVER,  GARDEN,  KANS. 


Time. 

Gain  in 
ground 

water  per 
mile  of 

river  val- 
ley. 

Remarks. 

June  18,  6  p.  m 

June  21,  6  p.  m 
June  22  6  a  m 

.  to  June  21,  6  p.  m 

Sec./ffi. 

-  0.93 

23. 8 
7.3 

-  5.4 

-  3.1 

-  2.7 
2.8 

22.4 

-14.6 

-  1.0 

No  chanire  In  elevation  of  river  water, 
and  only  slight  change  in  elevation 
of  water  in  well  No.  1  until  June  22. 

Due  to  rainfall  of  0.94  inch. 

,  to  June  22,  6  a.  ra 

,  to  June  22,  6  p.  m 

Due  to  rise  in  river. 

June  22,  6  p.  m 
June  23,  6  a.  m 

.,  to  June  23,  6  a.  m 

,  to  June  24,  6  a.  m 

Inne  24  6  n   m 

to  June  27  6  a.  m 

July  3,  6  p.  m., 
July  7,  6  a.  m., 
July  8,  6  a.  m., 

July  9.  ^  a.  m.. 

to  July  7,  6  a.  m 

Due  to  rain.    No  change  in  elevation 

to  July  8,  6  a.  m 

of  river  water. 
Due    to   rain  night  of  July  7.    No 

to  July  9,  6  a.  m 

.  change  In  elevation  of  river  water. 
Rate  of  lose  during  24  hours  after  pre 

toJulyll,  6  a.  m 

cipitaUon  of  1.2  inches  of  night  of 
July  7. 
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Table  8. — Loss  and  gain  of  ground  water  per  mile  of  river  vaUey^  1904 — Continued. 

II.— FROM  RIVER  TO  WELL  NO.  2,  900  FEET  NORTH  OF  RIVER.  SHERLOCK,  KANS. 


Time. 


July  1ft,  9  a.  m.,  to  July  20,  7.30  a.  m  . 
July  20,  7.30  a.  m.,  to  July  25,  6  a.  m  . 
July  27,  11  a.m.,  to  July  27, 1p.m... 

July  27,  1  p.  m.,  to  July  27,  3  p.  m 

July  27,  3  p.  m.,  to  July  27,  5  p.  m 

July  27,  5  p.  m.,  to  July  27,  7  p.  m 

July  27,  7  p.  m.,  to  July  28,  6  a.  m 

July  28.  6  a.  m..  to  August  1,  6  a.  m  . . 


Gain  in 
ground 

water  per 
mile  of 

river  val- 
ley. 


ike.  feet. 

-  2.0 

-  1.0 
54.0 
TJ.0 
66.0 
37.0 

1.5 
-  1.8 


RemarlcB. 


IIL— FROM  RIVER  TO  WELL  NO.  5,  550  FEET  SOUTH  OF  RIVER,  SHERLOCK.  KANS. 


July  18,  7  a.  m.,  to  July  20,  7  a.  m 

July  20,  7  a.  m.,  to  July  2.5,  7  p.  m 

July  25,  7  p.  m.,  to  July  27, 11  a,  m 

July  27,  11a.  m.,  to  July  27, 1  p.  m 

July  27,  1  p.  m.,  to  July  27,  3  p.  m 

July  27,  3  p.  m.,  to  July  27,  5  p.  m 

July  27,  op.  m.,  to  July  27,  7  p.  m 

July  27,  7  p.  m.,  to  July  29,  8  a.  m 

July  29.  8  a.  m.,  to  August  1,  8  a.  m 


-  1.35 

-  .51 

-  .20 
63.8 
28.9 
13.4 

1.34 

-  .22 

-  .92 


IV.—FROM  WELL  NO.  5  TO  WELL  NO.  fi,  2,600  FEET  SOUTH  OF  RIVER,  SHERLOCK,  KANS. 


July  18,  7  a.  m.,  to  July  20, 12  m 

July  20, 12  m.,  to  July  25,  8a.m 

July  25,  8  a.  m.,  to  August  1,  8  a.  m.. 


2.6 
1.5 
.5 


v.— FROM  RIVER  TO  WELL  NO.  2,  1.730  FEET  SOUTH  OF  RIVER,  DEERFIELD,  KANS. 


August  4.  9  a.  m.,  to  Augu-st  9.  a.m 

August  6,  9  a.  m.,  to  August  8,  7.30  a.  m 

August  8,  7.80  a.  m.,  to  August  9,  9  a.  m 

August  9,  9  a.  m.,  to  August  10,  7.30  a.m 


0.51  t 
5.26  , 
L82 
.61  ' 


Summary  of  loss  and  gain  of  ground  water  per  mile  of  river  valley. 


Rain  of  night  of  June  21.  From  6  p.  m.,  June  21,  to  6  a.  m.,  June  22,  12  hours, 
at  23.8  cubic  feet  per  second 

Flood  of  afternoon  of  June  22.  From  6  a.  m.,  June  22,  to  6  p.  m.,June  22.  12 
houre,  at  7.3  cubic  feet  per  second 

Total  gain 


Cubic  feet. 


1,030,000 
316,000 


Acre- 
feet. 


7.2 


1,345.000  I 


6  p.  m.,  June  22,  to  6  a.  m.,  June  23,  12  hours,  at  5,4  cubic  feet  p(»r  second 233, 000  i 

6  a.  m.,  June  23,  to  6  a.  m.,  June  21.  24  hours,  at  3.1  cubic  feet  per  second 268,000 

6  a.  m.,  June  24,  to  6  n.  m..  June  27.  72  hours,  at  2.7  cubic  feet  [>er  second 700. 000  i 

ToUl  loss I  1,201,000  I 

.Met  gain H4.000  , 


5.4 
6.1 
16.1 


27.6 


3.2 
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In  PI.  I  there  is  shown  a  view  of  a  model  designed  to  illustrate 
the  changes  in  ground- water  levels  which  have  just  l>een  discussed. 
This  model  shows,  by  cardboard  cross  sections,  the  level  of  the  water 
in  Arkansas  River  and  in  three  wells  north  of  the  river  on  various 
dates  in  June  and  July,  1904.  These  are  the  same  wells  and  the  same 
data  given  in  Table  8  and  represented  graphically  in  fig.  10.  The 
height  of  the  river  is  represented  at  the  left  end  of  each  cardboard 
section  and  the  position  of  the  surface  of  the  ground  water  in  the  three 
wells  appears  at  the  appropriate  distances  to  the  right,  the  wells  being 
indicated  by  vertical  lines  an^  by  the  right  end  of  the  card.  The  well 
represented  by  the  right  end  of  each  cardboard  section  is  located  about 
2,500  feet  north  of  the  north  bank  of  the  river. 

The  surface  of  the  ground  water  is  represented  in  the  model  by  the 
straight  lines  forming  the  top  of  each  piece  of  cardboard.  Of  course 
the  actual  surface  did  not  consist  of  a  broken  line,  as  shown,  but  of  a 
curved  line  passing  smoothly  through  the  angles  of  the  broken  line. 
The  representation  of  the  ground-water  surface  as  straight  lines 
between  the  various  wells  introduces  no  substantial  error  in  the 
results,  and  it  illustrates  the  characteristic  changes  with  greater  fidel- 
ity than  curved  lines,  whose  forms,  in  any  case,  could  be  known  only 
approximately. 

It  can  readily  be  observed  from  this  diagram  that  the  river  and 
water  plane  remained  substantially  stationary  from  June  18  to  June  21. 
The  influence  of  the  heavy  rain  of  the  night  of  June  21  is  shown  on 
the  third  cardboard  section  by  the  more  elevated  water  plane  of  the 
next  morning,  the  river  remaining  stationary  during  this  interval. 
The  fourth  cardboard  cross  section  (6  p.  m.,  June  22)  shows  the  river 
flood,  which  began  at  3  p.  m.  June  22.  This  cross  section  shows  that  the 
water  plane  sank,  notwithstanding  this  heavy  flood,  except  at  the  well 
nearest  the  river.  The  river  gradually  fell,  the  water  plane  also  fall- 
ing at  the  same  time.  The  model  shows  the  water  plane  at  its  lowest 
observed  position  on  July  3.  The  section  shown  in  the  model  for 
July  7  illustrates  the  influence  of  the  rains  falling  from  July  3  to 
Jul}^  7  in  raising  the  water  plane.  The  greatest  rise  in  the  water  plane 
observed  at  any  time  is  shown  in  the  model  by  the  third  section  from 
the  end,  that  corresponding  to  the  morning  of  July  8.  This  rise  was 
due  to  a  rain  of  more  than  1  inch  on  the  night  before.  As  in  the  pre- 
vious instances,  the  water  plane  rapidly  fell  away  after  the  rise.  It 
is  important  to  bear  in  mind  that  the  height  of  the  river  remained 
almost  constant  from  July  3  to  9. 

These  same  changes  are  also  shown  in  fig.  10,  where  a  curve  is  given 
for  the  changing  height  of  water  in  each  well  and  the  river.  In  using 
this  diagram  or  the  table  it  is  important  to  know  that  it  is  usually 
necessary  to  compare  evening  observations  with  evening  observations, 
and  not  with  morning  observations.     Owing  to  changes  in  tempera- 
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ture  and  barometer  there  are  diurnal  periodic  clianges  in  the  position 
of  the  water  plane,  and  these  fluctuations  are  such  that  it  is  always 
more  satisfactory  to  compare  observations  taken  at  corresponding 
times  of  the  daj',  unless  the  intermediate  changes  are  very  violent. 
The  morning  level  of  the  ground  water  is  normally  higher  than  the 


/eet 


—  —  —  Aneroid  borometer,  uncorrected 
^'^' Elevation  of  tester  in  test  tve/i  Na.1 


26,33 


2366.0 


Fic.  11. — Curves  of  barometric  pressure  a^d  height  of  water  plane,  showing  correspondence  between 
the  fluctuations  of  the  barometer  and  the  water  plane  as  ot>served  on  several  dates  at  Sherlock, 
Kans.  The  dotted  lines  give  the  diurnal  variations  in  the  barometric  pressure;  the  full  lines 
show  the  elevations  of  the  water  in  test  well  No.  1. 


evening  level,  the  fluctuations  in  the  wells  discussed  above  being  indi- 
cated very  clearly  by  some  of  the  lines  in  flg.  10,  especially  those  show- 
ing the  June  fluctuations  in  test  wells  Nos.  1,  2,  and  3. 

Some  results  showing  the  correspondence  between  the  barometric 
pressure  and  the  ground-water  elevation  were  sought  for  at  camp  1, 
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near  Sherlock,  Kans.  The  data  obtained  are  depicted  graphically  in 
fig.  11.  The  results  were  not  what  were  expected,  as  the  influence 
of  the  barometric  pressure  should  be  to  raise  the  ground  water  as  the 
barometer  falls. ^  This  indicates  that  the  low  position  of  the  ground 
water  in  the  afternoon  of  each  day  is  probably  a  temperature  effect, 
due  to  the  decrease  in  the  capillarity  of  the  water  with  the  tempera- 
ture. The  ground  water  at  test  well  No.  1,  Sherlock,  and  in  test  welk 
Nos.  1,  2,  and  3,  Garden,  was  within  3  feet  of  the  surface  of  the 
ground  and  the  difference,  in  temperature  of  day  and  night  was  very 
great. 

In  fig.  10  the  level  of  water  in  the  Richter  well,  2,500  feet  north  of 
the  river,  is  compared  for  a  period  of  about  thirty  days  with  the  ele- 
vation of  the  water  in  Arkansas  River.  The  total  variation  of  the 
water  plane,  as  shown  by  the  levels  observed  in  the  well  twice  daily 
during  the  thirty -day  interval,  did  not  exceed  2  inches.  This  shows 
that  the  influence  of  the  river  upon  the  ground  water  dies  out  to  prac- 
tically nothing  in  a  distance  of  one-half  mile.  The  influence  of  the 
rainfall  upon  the  water  in  the  well  is  traceable  by  a  comparison  of  the 
rainfall  record  and  the  well  curve, "but  it  is  uncertain  whether  any 
connection  can  be  detected  between  the  elevation  of  the  river  and  the 
well  curve.  The  influence  of  occasional  pumping  upon  the  ground- 
water level  is  quite  pronounced. 

The  observations  given  above  indicate  the  following  conclusions: 

1.  The  level  of  the  ground  water  shows  a  marked  tendency  to  remain 
at  a  level  lower  than  the  channel  of  the  river  at  a  point  about  one- 
fourth  mile  north  of  the  river  channel. 

2.  The  elevation  of  the  water  plane  is  very  sensitive  to  the  amount 
of  rainfall,  the  rise  in  the  water  plane  (due  to  a  rain)  in  the  first  bot- 
toms being  greater  than  can  be  accounted  for  by  the  localized  pre- 
cipitation. 

3.  High  water  in  the  river  has  much  less  effect  upon  the  level  of  the 
ground  water  than  the  rainfall,  its  influence  being  confined  to  a  dis- 
tance of  a  few  hundred  feet  from  the  river  channel. 

4.  The  water  plane  falls  at  a  very  rapid  rate  after  its  elevation  has 
been  increased  by  rainfall  or  by  a  flood  in  the  river. 

5.  The  fact  that  the  water  plane  lies  far  a  considerable  distance  at  a 
level  lower  than  the  river  channel,  even  when  there  is  water  in  the 
river  for  an  extended  length  of  time,  and  the  rapid  way  in  which  the 
ground  water  sinks  ufter  its  rise  due  to  heavy  min,  establishes  the  fact 
that  the  underground  drainage  through  the  sands  and  gravels  beneath 
the  river  valley  is  more  than  sufficient  to  carry  off  all  of  the  rainfall 
without  run-off  into  the  river  channel. 


a  Slichter,  C.  S.,  Motions  of  undeiground  waters:  Water-Sup.  and  Irr.  Paper  No.  67,  U.  S.  Geol.  Survey, 
1902,  p.  78. 
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FLUCTUATION  OF  GROUND- WATER  LEVEL  AT  SHERLOCK,  KANS. 

•Observations  of  changes  of  level  of  ground  water  near  Sherlock, 
£ans.,  were  made  during  the  period  extending  from  July  15  to  August 
3,  1904.  For  this  purpose  a  number  of  test  wells  were  driven,  the 
location  of  which  is  shown  in  fig.  4.  Of  these  test  wells,  No.  2  was 
900  feet  and  No.  3  was  400  feet  north  of  the  river;  No,  5  was  550 
feet  and  No.  6  was  2,500  feet  south  of  the  river.  The  complete  record 
of  observations  taken  in  the  field  is  given  in  Table  9.  The  principal 
results  presented  by  this  table  are  shown  graphically  in  fig.  12.  As 
shown  by  this  diagram,  Arkansas  River  gradually  fell  from  July  15 
until  July  27.  At  this  time  the  water  in  the  river  had  reached  a  very 
low  stage,  the  flowing  water  occupying  a  width  in  the  channel  of 
about  a  rod  and  a  depth  of  about  6  inches. 
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During  this  same  period  of  fall  in  the  river  there  was  no  rainfall 
except  on  July  22  and  a  very  light  rain  on  July  25.     The  rain  of  July 
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22  was  measured  at  Garden  by  the  volunteer  observer  of  the  United 
States  Weather  Bureau  as  1.42  inches,  but  the  rainfall  at  Sherlock 
was  very  much  less.     During  this  period  of  fall  of  level  of  the  water 
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in  the  river  the  test  wells  north  of  the  river  fell  at  corresponding 
rates.  The  total  fall  in  the  river  amounted  to  0.95  of  a  foot;  the  fall 
in  test  well  No.  3,  400  feet  north  of  the  river,  daring  the  same  period 
was  0.9  of  a  foot;  in  test  well  No.  2,  900  feet  north  of  the  river,  0.77 
of  a  foot;  in  test  well  No.  5,  550  feet  south  of  the  river,  0.5  of  a  foot; 
and  in  test  well  No.  6,  2,500  feet  south  of  the  river,  0.3  of  a  foot. 
On  July  27,  between  11  a.  m.  and  5  p.  m.,  the  river  rose  1.6  of  a  foot, 
restoring  the  level  of  water  in  the  river  to  the  height  of  July  15  plus 
0.6  of  a  foot.  This  sudden  rise  in  the  river  was  not  accompanied  by 
rainfall  in  the  neighborhood  of  Sherlock.  Its  influence  upon  the 
vaiious  test  wells  is  shown  by  fig.  12.  The  inmiediate  effect  upon  test 
wells  Nos.  2  and  3,  north  of  the  river,  was  very  apparent.  Between  11 
a.  m.  and  7  p.  m.  test  well  No.  3, 400  feet  north  of  the  river,  rose  1.05 
feet,  and  test  well  No.  2,  900  feet  north  of  the  river,  rose  0.49  of  a 
foot.  By  the  next  morning  at  6  a.  m.  the  river  had  fallen  0.25  of  a 
foot;* test  well  No.  3,  400  feet  north  of  the  river,  had  risen  about  0.1 
of  a  foot,  and  test  well  No.  2,  900  feet  north  pf  the  river,  had  risen 
0.23  of  a  foot.  The  river  continued  to  fall  very  slowly,  on  the  morn- 
ing of  July  29  having  fallen  only  about  one-half  of  0.1  of  a  foot  from 
its  elevation  on  July  28;  the  water  in  test  wells  Nos.  2  and  3  had 
dix)pped  about  the  same  amount,  and  on  August  1,  at  8  a.  m.,  when 
the  river  had  fallen  0.6  of  a  foot  below  its  elevation  of  July  29,  test 
wells  Nos.  3  and  2  had  dropped  3.6  and  1.8  feet,  respectively.  During 
this  same  period  of  time  the  water  plane  south  of  the  river  acted  very 
diflFerently  from  that  observed  on  the  north  side  of  the  river.  The  water 
in  test  well  No.  6, 2,500  feet  south  of  the  river,  fell  continuously  from 
July  18  to  August  1,  notwithstanding  the  flood  of  July  27;  and  that 
in  test  well  No.  5,  550  feet  south  of  the  river,  fell  from  July  18  until 
July  27,  the  total  fall  amounting  to  0.47  of  a  foot.  No  observation 
was  made  at  this  test  well  on  July  28,  but  by  the  morning  of  July  29 
the  water  had  risen  0.45  of  a  foot.  On  August  1  it  had  fallen  0.2  of  a 
foot  below  its  level  on  the  morning  of  July  29,  in  sympath}^  with  the 
general  fall  of  the  water  in  the  river.  It  can  be  seen  from  this  that 
the  elevation  of  the  water  in  the  various  test  wells  showed  all  varieties 
of  change  during  the  flood  in  the  river.  The  wells  within  900  feet  of 
the  river  fluctuated  quite  accurately  with  the  changing  level  in  the 
river  itself,  while  the  water  in  the  test  well  one-half  mile  from  the 
river  seemed  to  show  no  effect  of  the  flood  in  the  river  during  the 
period  of  observation. 

In  explanation  of  the  gradual  fall  in  the  test  wells  from  July  18  to 
July  27,  it  must  be  remembered  that  the  position  of  the  water,  as 
found  on  July  18,  was  high  on  account  of  the  heavy  rains  which  fell 
during  the  first  twelve  days  of  July.  From  July  4  to  July  13,  inclu- 
sive, 3.27  inches  of  rain  were  caught  at  the  min  gage  at  Garden,  Kans. ; 
the  rainfall  at  Sherlock,  Kans.,  was  probably  as  great,  so  it  is  very 
likely  that  the  level  of  the  water  found  in  the  test  wells  on  July  15 
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and  18  was  high  owing  to  the  previous  rains.  In  fig.  13  the  results 
of  the  flood  of  July  27  are  shown  in  greater  detail  than  in  the  previous 
diagram. 

A  photograph  of  a  cardboard  model  showing  the  changing  positions 
of  the  water  plane  at  Sherlock  is  reproduced  in  Pis.  II  and  III.  The 
top  of  e^ch  cardboard  corresponds  to  a  cross  section  of  the  water  plane 
taken  across  the  valley  on  a  certain  date,  the  right  side  of  each  card 
corresponding  with  the  north  side  of  the  valley,  the  left  side  corre- 


Fio.  18.— Eleyation  of  water  in  Arkansas  River  and  in  two  test  wells  near  Sherlock,  Kans.,  for  yaiious 
hours  during  the  flood  of  July  27,  1904.  The  vanishing  influence  of  the  flood  with  increasing 
distance  from  the  river  is  clearly  brought  out  by  the  diagram.  Test  well  No.  2  is  900  feet  north 
of  north  bank  of  river;  test  well  No.  3  is  400  feet  north  of  north  bank  of  river. 

sponding  with  the  south  side  of  the  valley.  The  location  of  each  test 
well  is  shown  by  a  vertical  line,  and  the  position  of  the  channel  of  the 
Arkansas  is  indicated  by  the  level  segment  of  each  card  near  the  mid- 
dle of  each  section.  The  model  shows  to  the  eye  the  way  in  which 
the  river  and  the  water  in  all  of  the  test  wells  gradually  fell  from  July 
13  to  July  27,  and  it  also  illustrates  the  influence  of  the  flood  of  July 
27  upon  the  wells  near  the  river.  It  also  shows  that  the  level  of  water 
in  well  No.  6,  one-half  mile  south  of  the  river,  was  not  influenced  by 
the  flood  in  the  river,  but  continued  to  fall  during  the  entire  period. 
The  decreasing  influence  of  the  river  on  the  water  plane  with  tiie  dis- 
tance from  the  river  is  brought  out  clearly  by  the  diagram  (fig.  13). 

It  is  apparent  from  this  model,  as  well  as  from  the  one  shown  for 
camp  1,  that  there  is  a  marked  tendency  for  the  ground  water  near 
the  river,  especially  on  the  north  side,  to  remain  at  a  lower  level  than 
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the  water  in  the  river  itself.  At  the  time  the  data  presented  by  the 
model  were  obtained,  there  had  been  water  in  the  river  for  six  or  seven 
weeks  and  the  amount  of  rainfall  had  been  above  the  average.  These 
facts  indicate  that  the  underground  drainage  through  the  sands  and 
gravels  is  more  than  sufficient  to  drain  oflf  the  precipitation,  without 
return  seepage  into  surface  streams  and  without  run-oflF  from  the  sur- 
face of  the  ground. 

The  various  amounts  of  ground  water  gained  or  lost  by  each  mile 
of  the  valley  along  the  river  at  Sherlock  from  July  16  to  August  1, 
1904,  is  expressed  in  Sections  II,  III,  and  IV  of  Table  8  (p.  31).  For  the 
purpose  of  making  the  results  as  definite  as  possible  the  gain  or  loss 
for  each  mile  of  valley  is  given  as  a  continuous  flow  of  water  expressed 
in  cubic  feet  per  second.  Thus,  according  to  the  table,  the  strip  of 
ground  between  the  river  bank  and  test  well  No.  2,  900  feet  north  of 
the  river,  extending  along  the  stream  for  a  distance  of  a  mile,  lost 
water  from  July  15  to  to  July  20  at  a  rate  equivalent  to  a  steady  flow 
of  water  equal  to  2  cubic  feet  per  second.  During  the  flood  on  July 
27  this  same  strip  of  country  absorbed  water  from  the  river  during 
the  first  two  hours  of  flood  at  the  rate  of  54  cubic  feet  per  second. 
The  rate  of  gain  during  the  three  following  periods  of  two  horn's  each 
was  72,  65,  and  32.4  second-feet,  respectively.  During  the  eleven 
hours  from  7  p.  m.,  July  27,  to  6  a.  m.,  July  28,  the  rate  of  gain  fell 
to  1.5  second-feet,  after  which  the  ground  lost  water.  These  results, 
and  similar  results  for  the  south  side  of  the  river,  are  given  in  the 
table.  Putting  all  of  these  results  together  we  can  compute  the 
amount  of  water  furnished  to  the  sands  by  the  flood  in  the  river  as 
follows,  the  computation  applying  to  1  mile  of  the  river  valley  only: 

Water  fumvfJied  to  mndu  near  Stierlocky  Kans.,  hy  flood  of  Arkansas  River, 

North  of  river:  Cubic  feet. 

July  27,  11  a.  m.  to  1  p.  m.,  2  hours,  at  54  cubic  feet  per  second  . . .  389, 000 

July  27,  1  p.  m.  to  3  p.  m.,  2  hours,  at  72  cubic  feet  per  second 525, 000 

July  27,  3  p.  m.  to  5  p.  m.,  2  hours,  at  65  cubic  feet  i>er  second 467, 000 

July  27,  5  p.  m.  to  7  p.  m.,  2  hours,  at  32.4  cubic  feet  per  second  . .  234, 000 
July  27,  7  p.  m.  to  6  a.  m.  July  28,  11  hours,  at  1.5  cubic  feet  per 

second 59,500 

Total  gain .' <^  1,674, 500 

South  of  river: 

July  27,  11  a.  m.  to  1  p.  m.,  2  hours,  at  63.8  c  bic  feet  per  second  .  459, 000 

July  27,  1  p.  m.  to  3  p.  m.,  2  hours,  at  28.9  cubic  feet  per  second  . .  208, 000 

July  27,  3  p.  m.  to  5  p.  m.,  2  hours,  at  13.4  cubic  feet  per  second  . .  96, 500 

July  27,  5  p.  m.  to  7  p.  ra.,  2  hours,  at  1.34  cubic  feet  per  second  . .  9, 650 

Total  gain 773,150 

July  27,  7  p.  m.  to  8  a.  in.  July  28,  loss  at  0.22  cubic  foot  per  second.  10,  296 

Net  gain &762,854 

Total  gain  both  sides  of  river ^2, 437, 354 

a  Equals  38.4  acre-feet.        b  Equals  17.6  ucre-feet.        <-  Equals  66  acre- feet. 
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The  gain  of  56  acre-feet  took  place  on  land  having  an  area  of  175 
acres. 

The  above  results  show  the  gain  between  test  well  No.  2,  900  feet 
north  of  the  river,  and  test  well  No.  5,  550  feet  south  of  the  river. 
There  was  some  gain  in  ground  water  in  the  lands  north  and  south  of 
these  boundaries,  but  the  data  are  not  at  hand  for  the  computation. 
The  susceptibility  of  the  adjoining  lands  in  receiving  seepage  water 
from  the  river  was  greater  on  the  north  side  than  on  the  south  side  of 
the  river. 

FLUCTUATION    OF    QROUND-WATER    LEVEL    AT    DBERPIBLD, 

KANS. 

Observation  of  the  ground-water  level  was  made  at  camp  3,  near 
Deerfield,  in  three  test  wells.  The  location  of  these  test  wells  appears 
on  the  map,  fig.  6.  The  water  in  the  river  occupied  but  a  small  part 
of  the  river  channel  during  most  of  the  time  during  which  these  obser- 
vations were  made,  and  therefore  the  distances  of  the  test  wells  from 
the  edge  of  the  flowing  water  are  given  in  fig.  19,  in  preference  to  the 
distances  from  the  river  bank.  Test  well  No.  1  was  1,100  feet,  and 
well  No.  2,  1,730  feet  south  of  water  in  the  river.  Test  well  No.  3 
was  1,100  feet  south  of  the  river,  but  1,000  feet  upstream  from  test 
well  No.  2. 

Table  10. — EletxUion  of  water  in  river  and  test  tuelU  at  Deerfield,  Kans, 


Date. 


Time. 


1904. 

August  4 9a.m. 

Augusts do 

August 6 do  ... 

Augusts I  7.30a.m. 

Do '  lOa.m  ... 

Do 12m 

Do !  4.30  p.  m. 

August  9 ,  9  a.  m  — 

Do.... 
August  10. 


2.30  p.  m 

7.30  a.  m 


Elevation 
of  water  in 
well  No.l, 

1,100  feet 
from  river. 


Hy 

draulic 
gradi 
eut.  per 
mile, 
from 
well 
No.l 
to  well 
No.  2. 


Elevation 


I  draulic, 
gradi- 


of  water  in  i^^ji^*^  of  water  in 


'    Hy- 
<  draulic' 
Elevation  *  gradi-  i 

lent.  per  Elevation 
ofwaterin 
river. 


The  chart  given  in  fig.  14  shows  that  a  flood  on  August  7  in  the 
river  had  no  influence  upon  the  water  level  in  any  of  the  wells, 
although  frequent  observations  were  made  to  detect  such  influence. 
The  diagram  likewise  shows  the  effect  of  the  rain  in  raising  the  ground 
water  as  shown  by  all  of  the  wells  from  August  4  to  August  7.    Dur- 
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ing  this  same  interval  the  river  was  falling,  while  the  ground  water 
was  rising.  The  rainfall  was  measured  at  camp  by  catching  rain  in 
a  tin  bucket  and  correcting  for  diflFerence  in  area  between  top  and  bot- 
tom of  bucket.  The  observed  rainfall  on  August  4  and  August  5 
amounted  to  about  1.75  inches.  The  water  in  the  various  test  wells 
rose  by  the  following  amounts  between  August  4  and  August  6:  Test 
well  No.  1,  0.17  foot,  or  2.02  inches;  test  well  No.  2,  0.29  foot,  or  3.48 
inches;  and  test  well  No.  3,  0.30  foot,  or  3.60  inches.  If  we  assume 
that  the  soil  had  a  porosity  of  33i  per  cent,  these  obsei*ved  changes 
in  the  level  of  the  water  plane  are  equivalent  to  actual  increments  of 
0.7,  1.16,  and  1.2  inches,  respectively.     These  amounts  will  average 
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Fig.  14.— Elevation  of  water  in  Arkansas  River  and  test  wells  at  Deerfield,  Kans.,  August  4  to  14, 
1904.  Test  well  No.  1  is  1,100  feet  south  of  stream.  Test  well  No.  2  is  1,730  feet  south  of  stream. 
Test  well  No.  8  is  1,100  feet  from  stream  and  1,000  feet  from  test  well  No.  2. 

almost  exactly  60  per  cent  of  the  rainfall  for  the  two  days,  August  4 
and  August  5,  1904.  This  result  gives  very  direct  proof  of  the  excel- 
lent quality  of  the  catchment  area  furnished  by  the  sandy  bottom  lands 
on  the  south  side  of  the  river  at  Deerfield. 


EVAPORATION  EXPERIMENTS  NEAR  DEERFIELD. 

The  table  of  meteorological  data  below  has  value  in  showing  that  a 
considerable  amount  of  stored  ground  water  is  lost  in  the  first  bottoms 
of  Arkansas  River  by  evaporation.  Although  these  measurements 
extend  over  only  a  very  brief  period,  they  are  sufficient  to  establish 
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the  fact  that  the  loss  of  ground  water  by  evaporation  is  about  ten 
times  as  great  where  the  water  is  within  1  foot  of  ^the  surface  of  the 
ground  as  it  is  where  the  water  lies  at  a  depth  of  3  feet.  The  pump- 
ing plants  that  materially  lower  the  ground  water  in  the  bottom  lands 
will  thus  save  a  considerable  amount  of  water  that  now  goes  to  waste 
in  evaporation  and  in  supplying  the  rank  growth  of  wild  grasses  that 
flourish  in  the  first  bottom  lands.  It  is  safe  to  say  that  this  savable 
loss  amounts  on  the  average  to  a  foot  of  water  for  each  acre  of  first 
bottoms  for  the  months  of  July  and  August  alone. 

The  following  is  a  record  of  observations  of  evaporation  from  three 
tanks  filled  with  natural  soil  in  which  the  water  plane  was  kept  at  a 
constant  depth,  compared  with  the  evaporation  from  a  tank  of  open 
water.  The  tanks  were  located  in  the  bottom  lands  of  Arkansas 
Valley,  near  the  head  gates  of  the  Farmers'  ditch.  The  soil  is  a  sandy 
loam  changing  to  coarse  sand  at  a  depth  of  about  3  feet. 

Meteorological  records  ai  Deerfieldj  Kans.^  from  Jtdy  S  to  September  8,  1905. 


Rain- 
fall in 
inches. 

Vapor 
pres- 
sure. 

Per  cent 

of 
relative 
humid- 
ity. 

Velocity 
of  wind 

in 
miles. 

Evaporation  in  inches. 

Week  of— 

Open 
water. 

1  foot  to 
water, 
soil 
culti- 
vated. 

1  foot  to 

water; 

soil 

unculti- 
vated. 

2  feet  to 
water. 

3  feet  to 
water. 

July8-9«J 

O.ll 

0.0 

0.08 

1.24 

1.60 

0.38 

0.05 

0.0 

0.03 

0.71 

16.50 
15.89 
16  13 

0.13 

July  9-16 

.440 
.482 
.660 
.568 
.478 
.580 
.520 
.395 
.489 

47.3 
50.2 
61.2 
63.9 
54.8 
57.3 
49.3 
41.4 
60.4 

0.13 

July  16-23 

9  M 

0.28 

July  23-30 

19.78        2.39 
12.05        1  SO 

1.40 

July  80-Aug.  6 

0.06 

Aug.  6-18 

Aug.  13-20 

Aug.  20-27 

Aug.  27-Sepl.  3 

Sept.  3-8a 

13. 62 
18.26 
19.58 
17.19 
14.  .54 

2.45 
2.22 
8.04 
8  19 
1.21 

1.48 
1.84 
1.14 
0.92 
0.70 

1.78 
1.21 
1.88 
1.61 
0.87 

0.65 
0.60 
0.49 
0.49 
0  60 

0.4S 
0.17 
0.06 
0.12 

ao4 

1 

a  Week  incomplete. 
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CHAPTER  III. 

CHEMICAL.    COMPOSITION    OF    THE    WATERS    OF    THE 

UNDERriX)W. 


Chemical  tests  of  the  ground  waters  were  made  wherever  possible 
during  the  process  of  the  work.  Portable  tldld  apparatus  was  at  hand 
which  could  be  used  in  making  a  few  simple  tests.  The  determina- 
tions made  included  titrations  for  chlorine,  alkalinity,  and  hardness. 
Total  solids  were  determined  by  means  of  the  Whitney  electrolytic 
bridge.  The  curve  of  total  solids  used  in  this  case  was  obtained  by 
evaporating  a  sample  of  water  containing  95.9  parts  per  100,000  total 
solids.  The  results  of  the  test  are  brought  together  in  Table  11,  and 
the  curve  used  for  the  determination  of  the  total  solids  is  printed  as 
fig.  15  (p.  47). 

Table  11. — Analyses  of  ground  water  in  the  Arkansas  Valley y  western  Kansas, 

WEST  OF  GARDEN,  KANS. 


1904. 
June  16..., 
June  20... 
June  28... 
July  11  ... 
July  6  .... 

July  5 

June  28... 

Do.... 
June  21... 
June  20... 

Do 

June  18... 
Julys.... 

Do.... 
July  9.... 

Do.... 
July  6.... 

Do.... 


June  15., 
June  16. 

Do.. 
Jane  20. 

Do.. 
Jane  23. 
Jane  28. 


I  Chlorine 

Date.  (parts  per 

I  100,000). 


4.61 


5.31 
5.85 

•21.79 
8.10 
8.51 

11.00 
8.51 


6.72 
4.96 
6.00 
8.05 
2.70 
1.67 
4.59 
5.42 

18.50 
12.80 

9.60 
21.80 

6.72 
18.12 
U.0O 


Degree 
of  hard- 


Alkalin 
ityas 
CaCOs 

(parts  per 


14.0 


81 
13. 
22. 
16. 
19. 
22. 
17. 
24. 
15. 
20. 
16. 
11. 
12. 
11. 
14. 
20. 

28. 
19. 
22. 
20. 
17. 
24. 
20. 


21.35 


80.9 
49.1 
25.3 


34.7 

37.6 

88.9 

38.65 

43.20 

40.51 

39.5 

13.9 

21.6 

14.6 

38.5 

38.8 

53.5 
47.9 
48.0 
48.0 
86.0 
39.1 
89.5 


Total 
solids    I 
(parts  per 

100,000). ; 


Temper-  j 
ature.    ' 


Depth  of 
well. 


Location. 


o/'. 


Feet. 


105 

49 

83 
119 
127 
113  I 


71.0 
67.0 
88.0 
55.0 
58.0 
48.0 
51.0 
58,5 


52.0 


121 
37  , 

32, 
36 


52.0 
52.0 
55.0 
58.0 


105 
114 

55.0 
52.0 

59.0 
62.5 
60.0 
52.0  1 

121 
126 

10 
9 
28 
17 
17 
15 
15 
32 
32  ' 
58 

56  ' 

30 

,6J 

5  I 

5  I 

3-4  i 

8-4  ! 

"^i 

8-4  ' 


River  water. 

Do. 

Do. 

Do. 
Windmill  south  of  river. 
Station  12. 
Station  8. 
Station  10. 
Station  4. 
Station  2. 
Station  1. 
Station  3. 
Station  6,  well  A. 

Do. 
Station  6,  well  B. 

Do. 

Station  11. 

Mrs.  Riohter's   well  at 
camp. 

Do. 

Do. 
Test  well  No.  1. 

Do. 
Test  well  No.  8. 

Do. 


12  I  New  well  (camp). 
45 
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Table  11. — Analyses  of  ground  water  in  the  Arkansas  Valley^  weBtem  A'anw*— Cont'd. 
WEST  OF  GARDEN,  KAN8.— Contiimed. 


Date. 


Chlorine 
(partiiper 
100.000). 


1904. 

June  16 

Do 

July? 

Do 

September  22 

1905. 
January  24  .. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Alkalin-  Degree 
ity  as  of  hard- 
CaCO,         ness       /nartaner 


Total 
solfds 


10.62 
.78 

.67  I 
2.06 


19.5 
22.5 
13.1 

13.6 
19.9 


4.2 

19.2 

2.1 

11.4 

5.1 

18.0 

4.1 

20.5 

3.4 

18.1 

11. 4 

19.2 

17.6 

22.7 

1.2 

18.6 

39.9 
43.7 
10.7 

11.2 
25.6 

58.3 
31.1 
82.0 
31.2 
27.9 
39.3 
45.9 
21.8 


6 
36 

86 
57 
119 
102 
68 
76 
150 
26 


Temper- 
ature. 


Depth  of 
well. 


oj? 


66.0 
57.0 


FM, 


Locatkm. 


New  well  (camp). 

Station  1. 

Sandhills,  sec 36,  T. 24 
S.,  R.  84  W. 

Do. 

Sec.  2,  T.  -28  8.,  R.  88  W. 


26 

Poor  farm. 

20 

Shultx. 

40 

L.  C.  Working. 

36 

A.  Robinscm. 

a  18 

Foreman. 

116 

Faye. 

86 

M.  Mcaurken. 

a80 

Frank  Kolbus. 

GARDEN,  KANS. 


1904. 
September  22 . . 

Do 

1 

0.92 

.85 
3.96  ' 

1.6 

14.1 

16.9 
20.3 

18.8 

2.').  6 

80.0 
69.2 

29.6 

16 

16 
80 

42 

180 

110 
16+40 

78 

Atchison,  Topeka  and 

Santa  Fe  R.  R.  well 
Carter's  well. 

Do 

1906. 
January  24  — 

S.  L.  Leonard. 

SHERLOCK,  KANS. 


1904. 

July  16 

July22 

July  16 

July  19 

July  16 

July26 

July  18 

July21 

July  30 

July22 

Do 

July23 

July  16 

Do 

July  16 

July27 

Do 

July  19 

Do 

September  22 


4.04 

13.20 

3.85 

13.90 

.89 

21.20 

.60 

17.60 

.58 

21.50 

LIO 

17.85 

3.62 

16.75 

2.46 

21.30 

4.61 

19.45 

4.58 

15.90 

4.05 

15.90 

5.20 

17.45 

3.47 

14.65 

5.10 

15.75 

5.18 

15.50 

4.97 

15.25 

4.90 

16.25 

.96 

16.85 

.17 

19.00 

2.24 

21.30 

27.70 
87.90 
13.09 
4.64 
2.38 
26.20 
27.30 
28.10 
44.70 
40.60 
42.90 
46.30 
30.00 
31.10 


48.6 
60.6 
20.0 
26.9 
29.9 


73.0 
74.0 
27.0 
30.0 
66.0 
42.0 
36.0 
55.0 
88.0 
80.0 
78.0 

l(M.O 
98.0 
97.0 

107.0 
96.0 
97.0 
21.0 
37.0 
44.0 


71.0 
78.0 
68.0 
68.6 
60.0 
66.0 
67.0 
66.2 
66.0 
56.0 
67.0 
63.0 
67.7 
55.0 
54.0 
65.6 
57.6 


40 


River  water. 

Do. 
Test  well  No.  6. 
Station  16. 
Test  well  No.  4. 
SUUon  20. 
Station  15. 
Station  17. 
Near  station  17. 
Station  18. 

Do. 
Station  19. 
Station  14. 

Do. 
Station  13. 
Station  21. 
Station  22. 

Sec.  30,  T.  24  8.,  R.  84  W. 
Sec.  20,  T.  24  8.,  R.  84  W. 
Sec.  80.  T.  22  8.,  R  88  W. 


a  To  water. 
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Table  11. — Analydes  of  ground  water  in  the  Arkansas  Valley,  western  KaTisas — Cont'd. 

DEERFIELD,  KANS. 


Chlorine 
Date.          .(parts  per 
1 100,000). 

Alkalin- 
ity as 
CaCO, 
(parts  per 
100,000). 

Degree 
of  hard- 

Total 
solids 

Temper-  Depth  of 
ature.        well. 

Location. 

1«H.           1 
September  22..  1         1.49 

Auguste 1         2.60 

! 
AugustlO 2,45 

Augusts '         5.00 

August  4 1         7.60 

Do 6.64 

Augusts 1         5.11 

August  4 8.61 

Augusts 5,32 

Augusta 5.39 

15.1 
14.7 

17.7 
15.7 
16.2 
15.8 
16.0 
17.7 
15.5 
16.7 

31.2 
28.9 

32.7 
51.2 
55.2 
57.0 
48.4 
65.9 
44.4 
48.3 

22.0 
49.0 

74.0 
95.0 
117.0 
114.0 
90.0 
117.0 
108.0 
106.0 

66.0 

Feet. 
10 

24 

NE.  quarter  sec.  26,  T.  24 
8.,\.  85  W. 

60.0 
66.0 
59.5 
68.0 
57.0 
59.5 
59.0 
57.0 

H  w .  quarter  see.  m,  i .  -m 
S.,R.  35W. 

12    Near  staUon  28; 

24     Station  27. 

12     Well  at  camp. 

26    Station  23. 

37     Station  26. 

6  i  Test  well  No.  1. 

21  1  Station  24. 

16  '  Station  16. 

900    y«00    //CC    /ioO  /300  MC0    fjoO  ^SOO    *70O  MtOO  /J#tf  i0OO 

Ohms  rmsJsi*ffC^ 

Fig.  15.— Curve  for  Whitney  electrolytic  bridge  used  in  converting  resistance  in  ohms  into  total 
solids  for  ground  waters  of  Arkansas  Valley. 

A  comparison  of  the  results  of  the  tests  at  various  stations  shows  a 
marked  decrease  in  the  quantity  of  dissolved  solids  in  the  water  with 
the  depth  at  which  the  sample  was  taken.  In  forcing  down  test  wells 
at  almost  any  point  in  the  bottom  lands  of  Arkansas  River  the  increas 
ing  softness  of  the  water  can  be  noted  almost  from  foot  to  foot.  At.a 
considerable  depth,  say  from  60  to  100  feet  or  more,  there  are  found 
waters  which  are  popularly  called  in  this  region  ''second"  or  *' third" 
waters,  which  are  very  much  softer  than  the  water  obtained  from. 
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shallow  wells.  At  points  located  in  the  sand  hills  south  of  the  river 
there  are  places  where  shallow  wells  furnish  water  much  softer  than 
the  so-called  second  or  third  waters  found  in  the  vicinity  of  Garden. 

The  total  solids  in  the  ground  water  determined  at  wells  in  the  first 
camp,  2  miles  west  of  Garden,  varied  from  121  parts  per  100,000  for 
water  taken  4  feet  below  the  water  plane  to  103  parts  per  100,000  for 
water  taken  at  6  feet,  and  80  parts  per  100,000  for  water  taken  at  14 
feet.  Water  taken  from  the  railroad  well,  130  feet  deep,  at  Grarden, 
showed  total  solids  of  16  parts  per  100,000.  Water  in  the  sand  hills 
south  of  the  river  at  a  depth  of  9  feet  showed  33  parts  per  100,000 
total  solids,  and  another  well,  deeper,  but  of  unknown  depth,  showed 
6  parts  i)er  100,000  total  solids.  The  tendency  of  the  ground  water 
near  the  surface  in  the  bottom  lands  of  the  river  to  run  high  in  solicls 
seems  to  indicate  that  this  increased  hardness  is  due  to  the  loss  of  the 
ground  water  b}^  evaporation.  The  water  plane  in  these  bottom  lands 
lies  close  to  the  surface  of  the  ground  and  is  subject  to  frequent  fluc- 
tuations due  to  min  and  changes  of  conditions  in  the  river  itself. 
These  changes  are  suflicient  to  account  for  a  large  excess  of  dissolved 
solids  in  the  surface  waters,  and  it  is  believed  that  no  other  explana- 
tion is  necessary.  As  the  ground  water  moves  downstream,  the  vari- 
ous filaments  of  moving  water  must  thread  themselves  around  the 
grains  of  sand  and  gravel,  continually  dividing  and  subdividing  the 
water  as  it  moves  through  the  capillary  pores.  The  effect  of  this  action 
is  to  slowly  work  the  concentrated  water  near  the  surface  down  to 
greater  depths,  forming  a  ground  water  of  graduated  strength. 
Every  layer  of  silt,  clay,  or  other  impervious  material  which  possesses 
a  considerable  area  acts  as  a  partition,  separating  the  moving  ground 
water  into  layers  which  do  not  mix,  except  where  the  impervious 
strata  give  out.  This  results  in  layers  of  water  of  distinct  difference 
in  total  solids,  which  are  locally  known  as  ''first,"  ''second,"  and 
^Mhird"  water,  etc. 

In  the  following  table  (Table  12)  the  various  samples  of  ground 
water  are  classified  by  depth  of  the  wells,  and  the  averages  of  the  dif- 
ferent determinations  are  tabulated.  From  this  arrangement  a  com- 
parison is  possible  between  the  waters  of  different  depths,  in  which 
the  errors  due  to  special  peculiarities  of  particular  wells  are  partly 
eliminated.  Some  of  the  well  water  taken  from  stock  or  domestic 
wells  showed  marked  pollution,  but  all  such  samples  have  been 
included  in  the  table. 


Digitized  by  CjOOQIC 


CHEMICAL   COMPOSITION    OF   THE   WATEB8. 


49 


Table  12. — Quality  of  ground  water  m  Arkansas ,  River  Valley ^  as  determined  from  the 

averages  of  classified  samples. 


Claadfication. 


Wells  under  10  feet  deep: 

Average  of  11  samples 

Probable  error 

Error per  cent . . 

Wells  10  to  20  feet  deep: 

Ayerage  of  18  samples 

Probable  error 

Error per  cent. . 

Wells  20  to  30  feet  deep: 

Average  of  14  sample*) 

Probable  error 

Error per  cent. . 

Wells  80  to  40  feet  deep: 

Average  of  10  samples 

Probable  error 

Error per  cent. . 

Wells  40  to  70  feet  deep: 

Average  of  6  samples t 

Probable  error I 

Error per  cent. . 

Wells  over  70  feet  deep: 

Average  of  4  samples 

Probable  error 

Error per  cent. . 

Sand  hills  wells: 

Average  of  9  samples 

Probable  error 

Error per  cent. . 


Chlorine 
(parts  per 
100.000). 


10.82 
1.45 
14.05 

7.77 
.829 
10.66 

4.96 

.335 

6.76 

4.62 

.397 

8.60 

2.47 

.28 

11.83 

1.12 
.160 
14.29 

1.24 
.222 
17.9 


Alkalinity 

CaCOa 

(parts  per 

100,000). 


Degree  ' 

of  hard- 1 

ness 


100,000).  ,  i'J"."w>. 


Total    , 

solids    Tempera- 


20.84 

38.63 

.434 

3.76 

2.08 

9.77 

18.65 

40.13 

.520 

1.321 

2.80 

3.30 

16.28 

40.96 

.261 

1.989 

1.64 

4.86 

17.62 

88.00 

.862 

2.812 

4.89 

6.08 

12.07 

16.70 

.298 

1.659 

2.47 

9.93 

16.27 

28.37 

.924 

.939 

5.67 

3.81 

16.41 

18.21 

.687 

2.32 

3.57 

12.73 

76.80 
10.47 
13.83 

96.73 
4.87 
5.04 

91.00 
5.162 
5.68 

92.75 
9.5 
10.23 

85.00 
1.081 
2.95 

24.67 
5.864 
23.7 

26.86 
4.05 
15.06 


O  J5» 

60.60 
.736 
1.21 

56.16 
.795 
1.42 

56.50 
.552 
.995 

65.06 

.74 

1.84 

68.83 
.596 
1.12 


61.26 
1.07 
1.76 


The  above  table  is  not  free  from  objection,  since  the  waters  of  the 
first  bottoms,  second  bottoms,  etc.,  have  all  been  grouped  together. 
The  water  in  the  first  bottoms  is  softer  than  that  in  the  second  bottoms, 
owing  to  the  ease  with  which  })oth  the  rainfall  and  the  softer  water 
from  the  river  contribute  to  its  supply.  In  Table  13  all  wells  north  of 
the  river,  less  than  40  feet  in  depth,  have  been  classified  as  first-bot- 
tom, second-bottom,  and  upland  wells,  and  the  averages  of  the  various 
groups  have  been  taken. 
IRB  15a— 06 4 
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Table  13. — QualUy  of  ground  water  m  welU  north  of  Arkansas  River  Valley  and  Im  (han 
40  feet  in  depth j  as  determined  from  the  averages  of  cUusified  sampUi. 


Clawiflcation. 


i  Chlorine  \^^S^^ 


First-bottom  wells: 

Average  of  88  samples. 

Probable  error 

Error 

8econd-bottom  wells: 

Average  of  7  samples . . 

Probable  error 

Error 

Upland  wells: 

Average  of  3  samples . . 

Probable  error 

Error 


.percent 


.percent.. 


.percent.. 


Degree  of^    Total    | 
hardness  I    aolids    Tempen- 
(parta  per  (parts  per    ture. 
100,000).  '  100,000). 


42.81 
1.672 
8.91 

47.64 
5.40 
11.3 

76.80 
1.678 
2.18 


93.75 

8.318 
8.54    I 


56.97 
.S7 
M 


89.43  '  510 
5.988  (fl) 
6.65     

85.0     , 

8.6      

lao      


a  One  observation. 
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<:!HAPTKR    IV. 
0KIGI:N^  and  extent  of  tub  UNDERFIjOW. 

ORIGIN. 

The  investigations  which  have  been  explained  in  the  preceding  pages 
of  this  report  indicate  that  the  water  of  the  Arkansas  underflow  has 
its  main  source  in  the  rainfall  upon  the  sand  hills  south  of  the  river 
and  upon  the  bottom  lands  and  uplands  north  of  the  river. 

The  average  annual  rainfall  in  the  vicinity  of  Garden  is  about  20 
inches.  A  very  large  portion  of  this  passes  into  the  level  and  porous 
soil,  so  that  the  actual  contribution  to  the  underflow  must  be  consid- 
erable. As  previously  stated  in  this  paper  there  is  a  ground  water 
district  along  the  river  that  remains  lower  than  the  river,  whether  the 
same  be  flowing  or  not,  in  which  region  the  rise  in  the  ground  water 
after  a  rain  is  more  than  can  be  accounted  for  by  the  localized  pre- 
cipitatioD.  This  fact  indicates  not  only  that  the  underground  drain- 
age at  this  point  is  contributed  to  by  rainfall  on  distant  catchment 
areas,  but  that  the  underflow  constitutes  a  separate  drainage  system 
which  is  more  than  sufficient  to  take  care  of  the  rainfall.  Determina- 
tions made  in  the  sandy  flats  south  of  the  river  at  Deerfield  (see  Chap. 
II)  show  that  the  rise  in  the  water  plane,  observed  after  a  rain 
storm,  amounts  to  as  mucli  as  60  per  cent  of  the  water  that  fell.  This 
fact  verities  what  is  quite  obvious  to  a  careful  observer,  that  there  is 
no  run -off  from  the  lands  adjacent  to  Arkansas  River  in  the  region 
under  discussion. 

The  total  depths  of  the  deposits  of  sand  and  gravels  at  Garden  is 
not  known  very  exactly.  A  deep  well  was  sunk  at  Garden  in  1888, 
which,  according  to  a  partial  log  printed  in  the  local  newspaper, 
showed  that  rock  was  reached  at  a  depth  of  311  feet.  Every  indica- 
tion drawn  from  the  behavior  of  the  ground  water  shows  that  the 
gravels  must  extend  to  a  considerable  depth,  so  that  it  is  safe  to  assume 
that  the  well  log  just  referred  to  gives  a  correct  notion  of  the  depth  to 
rock.  However,  as  one  approaches  the  western  boundary  of  Kansas, 
bed  rock  comes  near  the  surface,  which  fact,  even  if  no  other  evidence 
were  at  hand,  would  show  that  no  portion  of  the  ground  water  could 
originate  in  Colorado.  The  former  popular  belief  in  a  Colorado  source 
of  the  ground  water  has  practically  disappeared,  although  a  few  settlers 
still  adhere  to  it.  During  the  summer  of  1904  one  resident  of  Finney 
County  informed  the  writer  that  the  water  in  his  well  was  invariably 
roily  after  a  rain  storm  during  the  preceding  night  in  Colorado.  This 
corresponds  to  nearly  passenger-train  speed  for  the  flow  of  ground 
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water.  The  story  may  be  re^rded  as  about  the  sole  surviving  ghost 
of  the  numerous  extravagant  beliefs  which  were  formerly  current 
among  the  settlers. 

The  region  near  Garden,  Kans.,  is  peculiarly  the  area  properly 
called  the  High  Plains.  The  land  is  level  and  completely  covered  in 
its  natural  condition  with  a  short  compact  sod  of  buffalo  grass.  John- 
son and  other  writers  on  this  region  have  remarked  the  complete  lack 
of  run-off  from  this  portion  of  the  plains  area.  The  precipitation 
falls  mostly  during  the  summer  months  and  is  sufficient  in  amount  to 
maintain  a  luxuriant  sod,  which  not  only  protects  the  soil  against  ero- 
sion, but  prevents,  by  the  obstruction  offered  by  the  grass,  the  escape 
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Fig.  16.— Elevation  of  water  surface  of  Arkansas  River  at  Sherlock  Biidge,  compared  with  rainfall 

record  at  Garden,  Kans. 

of  the  water  in  flowing  torrents.  In  consequence  the  rainfall  is  com- 
pletely taken  care  of  by  absorption  into  the  ground  and  by  evaporation 
and  use  by  the  vegetation.  Pkstward  from  the  High  Plains  region 
rainfall  is  greater,  and  the  sod  is  not  able  to  prevent  the  formation  of 
rills  and  eroded  channels,  so  that  much  of  the  wat«r  runs  off  into  sur- 
face streams.  Westward  from  the  High  Plains  district,  as  Colorado  is 
approached,  the  minfall  decreases  and  in  consequence  vegetation 
becomes  so  scant  that  it  is  not  able  to  protect  the  surface  of  the 
ground  from  erosion  even  from  a  diminished  rainfall.  Hence  it  is 
that  both  to  the  east  and  west  of  the  High  Plains  there  is  a  marked 
run-off,  but  in  the  plains  district  proper  the  rains  are  disposed  of  by 
absorption. 
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The  above  facts  are  well  shown  by  the  results  previously  discussed 
in  this  paper.  The  summer  of  1904  was  one  of  unusually  ample  rain- 
fall in  the  plains,  and  many  floods  came  down  the  river.  The  river 
was  carefully  watched  by  the  field  party  and  its  elevation  noted. 
Figs.  16  and  17  show  the  elevation  of  the  river  at  Sherlock  and  Deer- 
field  bridges,  respectively,  compared  with  the  rainfall  at  Garden.  A 
similar  diagram  for  cimp  1,  near  (larden,  is  given  in  fig.  10.  A  study 
of  these  diagrams  shows  practically  no  influence  of  the  rainfall  upon 


Z9Z&.0 


} 


i 

5 

1 


Z9ZS.O 


292^.0 


192*.  S 


V 

\ 

\ 

\ 

V 

V 

J 

\ 

\ 

r 

V^ 

M 

■^ 

« 

7           i 

'           ^ 

*           / 

7         //          / 

usr 

i         /3        /4         iS        /*        /7 

i 

fnch 


H 


to      // 
Aueusr 


iS     JT 


17 


Fig.  17.- 


■Elevation  of  wat^r  surface  of  Arkansas  River  at  Deertteld  Bridge,  compared  with  rainfall 
record  at  Garden,  KanH. 


the  stream.  Many  of  these  rains  extended  into  Cplorado,  where  they 
were  the  cause  of  floods  that  showed  themselves  at  the  camps  in 
Kansas  many  hours  after  the  rain.  Thus  we  have  ample  evidence  of 
no  run-off  from  the  country  between  Garden  and  Deerfield,  and  at  the 
same  time  have  proof  of  a  considerable  run-off  from  the  watershed 
toward  the  western  limit  of  Kansas  and  in  Colorado. 

The  few  instances  in  which  small  surface  streams  are  formed  near 
the  Colorado  line — like  the  plains  streams  known  as  Bear  Creek  and 
White  Woman  Creek — are  no  exception  to  the  statement  above  that 
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there  is  no  run-off  into  the  Arkansas  in  the  High  Plains  district,  for 
these  streams  entirely  disappear  as  surface  streams  before  the  Arkansas 
is  reached.  Their  waters,  less  the  evaporation,  are  ultimately  joined 
to  the  underflow.  The  situation  may  be  summarized  in  the  followiDg 
words:  The  underground  drainage  in  this  region  is  so  enormous,  and 
the  water  passes  through  the  gmvel  so  freely,  that  there  is  no  surplus 
water  left  to  form  surface  streams,  or  to  form  a  perennial  supply  for 
Arkansas  River.  If  thfe  gravels  of  the  plains  near  Garden  were  less 
deep,  it  is  entirely  conceivable  that  the  Arkansas  River  would  be  a 
perennial  spring-fed  stream  at  this  point. 

The  large  contribution  to  the  underflow,  which  is  made  by  the 
rainfall  upon  the  sand  hills  south  of  the  river,  is  clearly  demonstrated 
by  the  course  of  the  contours  in  fig.  5.  In  this  diagram  the  soft  water 
from  the  south  side  of  the  river  can  be  observed  to  be  pressing  the 
hard  water  of  the  first  bottoms  northward  toward  the  left  side  of  the 
river  valley. 

Annual  precipitation  at  Dodge  and  Gatdtn^  Kans. 


Yesr. 
• 

Dodge. 

10.78 
15.40 
27.89 
17.96 
15.43 
18.12 
33.55 
13.14 
28.50 
80.36 

Garden. 

Year. 

Dodge. 

Gudoi. 

18/5 

1890 

11.72 
32.84 
19.66 
10.12 
12.60 
20.81 
19.87 
21.58 
81.46 
28.45 
20.76 
16.06 
17.70 
16.27 
17.19 

1876.... 

1891.... 
1892.... 
1893..... 

27.21 

1877.... 

J878.... 

1879 

1894.... 
1895.... 
1896..   . 

U.45 

1880 

1881 

1882 

;  1897.... 
1898 

1883 

28.75 

1884 

1899 

1900 

1901 

1902 

1903 

20. 5S 

1885 

23.71 
19.85 
15.71 
22.94 
19.17 

19.29 

1886 

18.84 

1887 

19.65 

1888 

20.64 

1889 

1904.... 

21.05 

... 

NORTH  AND  SOUTH  LIMITATIONS. 

A  noteworthy  feature  of  the  underflow  is  the  lack  of  any  natural 
north  or  south  limitation  to  the  easterly  moving  stream.  There  are 
important  changes  from  place  to  place  in  the  north  and  south  slope  of 
the  water  plane,  but  none  are  of  suflBcient  consequence  to  materially 
modify  the  dominant  influence  of  the  easterly  gradient  of  7  to  8  feet  to 
the  mile.  The  velocities  found  at  the  edge  of  the  sand  hills  to  the 
south  of  the  river,  and  at  a  distance  as  high  as  9  miles  from  the  chan- 
nel of  the  river,  are  about  the  same  as  those  found  near  the  bed  of  the 
river  in  similar  material.  There  is  nothing  surprising  in  this  except 
that  the  stratification  of  the  sand  and  gravel  on  the  High  Plains  is  such 
that  there  is  no  natural  north  or  south  limitation  to  the  eastward- 
moving  ground  waters. 
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CHAPTER  V. 

SUMMARY  OF  TESTS  OP  SMALIi  PUMPING  PliANTS  IN  THE 
ARKANSAS  VAL.L.EY. 

GENERAL  RESULTS. 

Table  14  shows  the  results  of  tests  of  a  number  of  pumping  plants 
used  for  irrigation  in  Arkansas  Valley  between  Garden  and  Lakin, 
Kans.     Most  of  the  entries  in  the  table  explain  themselves. 

The  fuel  used  in  most  of  the  plants  is  gasoline,  the  current  price  of 
which  during  the  summer  of  1904  was  22  cents  a  gallon,  a  cost  that  is 
almost  prohibitive,  even  when  pumping  water  from  the  most  excellent 
wells  found  in  the  valley. 

Tablb  14. — Tests  of  small  pumping  pUmts^  Arkansas  VaUeyy  Kansas, 


Owner  of  plant. 


D.H.Logan 

Mra.  M.  Richter  . 
C.B.  Sexton 


Natban  Folmer. 

J.M.Boot 

Kin^Brofl 

Waterworks 

I.  L.  Diesem  — 

L.E.  Smith 

H.  B.  Holoomb . 
H.  S.  Klpp 


J.  R.  MoKinney. 


Location. 


Qarden,  Kans. 

do 

do 


Lakln,  Kans . . 
do 

Garden,  Kans. 

do 

do 

do 

Sherlock,  Kans 
Qarden,  Kans 


.do. 


Kind  of  pump. 


No.  3  centrifugal 

Menge 

2  vertical  6  by  16  cyl- 
inder. 

Chain  and  bucket 

do 

No.  4  centrifugal 

2  duplex  steam 

No.  4  centrifugal 

No.  8  centrifugal 

No.  14  centrifugal 

2  horizontal  5  by  5 
cylinders. 

No.  4  centrifugal 


Horse- 
power 
of  en- 
gine. 


a  Price  per  ton. 


Fuel  used. 


10 

Ut. 

7  j. 
24L 
14  1. 


Gasoline. . 

do.... 

do.... 


.do., 
.do.. 


10  I  Gasoline. 

.do. 
80 
81 


Coal 

Gasoline.. 


.do.... 


Price  of  m  j^j 
fuel  per  A?.^^ 
gallon.  I    ""• 


•0.22  , 
.20  ' 
.22 

.21  i 
.22  1 


.12*1 

a  4. 00 

.12^1 


Ftet. 
22.1 
15.5 
15.06 

17.0 
15.8 
68.0 


22.18 
17.60 
23.0 
21.7 


.124       21.47 
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Table  14. — Te^  of  small  pumping  plants^  Arkansas  Valley j  Kansas — Continued. 


Owner  of  plant 


D.  H.  Logan 

Mrs.  M.  Richter. . 

€.  E.  Sexton 

Nathan  Fulmer. , 

J.  M.  Root 

King  Bros , 

Waterworks 

I.  L.  Diesem 

L.  E.  Smith 

H.  B.  Holcomb . 

H.  8.  Klpp 

J.  R.Mc Kinney. 


Distance 
water  is 
lowered 


Feet 
6.86 
5.3 
3.0 
6.35 
4.16 
20.3 
5.48 
6.72 
2.16 
9.60 
2.83  , 
8.39  I 


Yield  of 
well  per 
minute. 


10 


11 


12 


13 


14 


srw^ifl/t  '  Specific  I 

°£®?*5l\^  Areaof  per-  capacity  Ckietoffuer  Cost  of 
^fxH^n  colating  or  per  j«quare  per  acre-  fuel  per 
rS-rmin      strainer    i     foot  of  foot  of 

«♦!  surface,     strainer  per      water. 

"^"  1    minute. 


6aU<nu.     OoUons.       Sq,  feci.    '    QaUotu. 


272 
2fH 
91 
540 
215 
183 
290 
363  i 
198 


420  I 


42.2 
73.0 
30.3 
85.0  I 
51.7  , 
9.0  I 
77.0  I 
M.O 
91.6  I 
240.0  i 
84.0  I 
60.0 


107.0 
266.5 

67.2 
334.0 
210.0 

86.0 
247.0 
16L0 

70.7 
1,876.0 

46.3 
116.0 


0.394 
.27 
.58 
.254 
.246 
.106 
.31 
.356 

1.290 
.128 
.75 
.42 


$2.93 
2.90 
3.75 
1.37 
2.78 


1.000  foot- 
gallons. 


CenU. 


iV 


2.10 

^ 

L67 

^ 

a. 86 

A 

1.09 

A 

1.20 

A 

a  Including  cost  of  labor  and  lubricating  oil. 


SPECIFIC  CAPACITY. 

The  numbers  in  column  10  express  the  readiness  with  which  ihe  well 
furnishes  water  to  the  pump.  The  numbers  in  each  case  were  found 
by  dividing  the  numbers  in  column  9  by  the  corresponding  numbers  in 
column  8;  these  numbers,  therefore,  express  the  amount  of  water  the 
well  would  furnish  if  the  water  level  was  lowered  but  1  foot.  These 
numbers  constitute  what  the  writer  has  called  the  "specific  capacity" 
of  the  well,  and  are  large  in  the  case  of  a  good  well  and  small  in  the 
case  of  a  poor  well. 

The  water-bearing  gravels  are  usually  from  9  to  15  feet  below  the 
surface  of  the  ground,  and  good  wells  can  be  very  cheaply  constructed. 
There  is  no  quicksand  or  hardpan  or  other  troublesome  material  above 
the  water-bearing  gravels.  The  well  tubes  or  strainers  are  usually  12 
to  20  inches  in  diameter,  and  are  made  of  slotted  galvanized  iron. 
For  the  most  part  the  wells  are  of  the  very  best  design  and  possess  a 
remarkably  high  specific  capacity;  the  writer  knows  of  few  places 
where  better  ones  can  be  constructed. 

The  usual  construction  consists  of  a  dug  well,  6  to  10  feet  in  diame- 
ter, excavated  several  feet  below  the  level  of  ground  water,  with  a  num- 
ber of  "feeders''  or  tubular  wells  penetrating  the  bottom  of  the  well. 
No  better  construction  can  be  suggested  for  small  plants.  The  only 
modification  in  detail  that  seems  likely  to  better  the  present  excellent 
results  would  be  the  use  of  galvanized-iron  strainers  with  larger  slots 
than  are  at  present  in  use.  This  would  be  practicable  at  some  of  the 
wells.  Heavy  pumping  would  remove  much  of  the  fine  material  that 
now  remains  in  contact  with  the  present  well  strainers. 


Digitized  by  VjOOQIC 


TESTS   OF   SMALL   PUMPING   PLANTS.  57 

In  column  12  there  are  given  the  same  magnitudes  as  are  expressed 
in  column  10,  reduced  in  each  case  to  1  square  foot  of  well  strainer. 
The  numbers  in  this  column  express,  therefore,  the  amount  of  water 
in  gallons  per  minute  furnished  by  1  square  foot  of  well  strainer  under 
a  head  of  1  foot  of  water.  They  are  a  numerical  expression  of  the 
degree  of  coarseness  of  the  material  in  which  the  well  is  placed. 

These  numbers  are  almost  the  same  for  all  of  the  well  plants,  when 
proper  allowance  is  made  foi^  difference  in  construction.  At  the 
Richter,  Fulmer,  and  Root  plants,  there  are  large  dug  wells  with  sev- 
eral feeders  in  the  bottom.  The  numerous  feeders  interfere  with  each 
other  somewhat,  keeping  the  specific  capacity  lower  than  it  would 
otherwise  be.  At  the  Logan  and  Sexton  plants  the  construction  is 
different.  The  Logan  well  is  constructed  of  20-inch  casing,  through 
the  bottom  of  which  are  two  4-inch  feeders  extending  26  feet  below 
the  bottom  of  the  20-inch  casing.  The  20-inch  casing  is  perforated 
for  10  feet  at  the  bottom.  At  the  Sexton  plant  there  is  a  12-inch 
well  22  feet  deep,  and  a  10-inch  well  31  feet  deep,  both  perfoiuted 
10  feet  from  the  bottom. 

COST  OF  PUMPING. 

While  the  cost  of  water  at  these  various  pumping  plants  may  at 
first  glance  seem  high,  and  the  results  not  especially  encouraging,  yet 
a  more  careful  inspection  shows  that  the  facts  are  really  highly  favor- 
able. It  must  be  remembered  that  the  cost  of  pumping  is  based  upon 
a  22-cent  price  of  gasoline.  This  price  is  almost  prohibitive,  but  for- 
tunately there  exist  several  possible  ways  of  cutting  down  very  mate- 
rially the  cost  of  power,  and  on  this  point  the  following  suggestions 
are  offered: 

In  the  first  place,  the  cost  of  pumping  can  be  reduced  by  the  use 
of  crude  oil  in  place  of  the  gasoline.  Crude  oil  from  Kansas  fields 
should  be  laid  down  at  Garden  at  from  3  to  4  cents  a  gallon.  The 
crude  oil  requires  a  special  device,  which  must  be  used  in  connec- 
tion with  the  gasoline  engine,  called  a  generator,  in  which  the  crude 
oil,  or  part  of  it,  is  converted  into  a  gas  before  it  is  led  into  the  engine 
cylinder.  By  the  use  of  such  a  generator  the  cost  of  fuel  can  be 
lowered  to  a  point  about  equivalent  to  a  5  cents  a  gallon  price  for  gas- 
oline. The  crude-oil  generators  will  work  best  on  engines  of  12  to  30 
horsepower. 

If  plants  of  from  20  to  60  horsepower  are  constructed,  as  I  believe 
will  inevitably  be  the  case  in  the  near  future,  the  cheapest  power  will 
probably  be  found  in  the  use  of  coal  in  small  gas-producer  plants  in 
connection  with  gas  engines."  These  small  gas-producer  plants  are 
largely  automatic  in  action  and  can  be  operated  by  anyone.  With  hard 
coal  or  coke  or  charcoal  at  $8  per  ton,  the  cost  of  power  would  be  less 

a  See  test  of  producer-gas  plant,  Chapter  VI. 
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than  one-half  cent  per  horsepower  for  one  hour,  or  only  one-fifth  of 
the  cost  of  power  from  gasoline  at  22  cents  a  gallon.  The  writer  antici- 
pates no  difficulty,  therefore,  in  keeping  the  cost  of  water  below  60  to 
75  cents  an  acre-foot  for  fuel,  or  below  $1.25  to  $1.50  per  acre-foot  for 
total  expense.  Hundreds  of  such  plants  have  been  put  in  use  in  Eng- 
land during  the  past  ten  or  more  years,  and  they  are  in  charge  of 
unskilled  labor.  These  gas-producer  plants  are  used  in  England  for  a 
great  variety  of  purposes,  such  as  power  for  agricultural  machinery, 
and  for  small  electric-light  plants  for  country  estates,  etc.  They  are 
used  in  as  small  units  as  5  horsepower. 

In  this  country  the  producer-gas  plants  have  been  in  use  for  several 
years,  and  at  the  present  moment  they  are  fast  taking  the  place  of 
steam  power  in  new  plants.  The  cost  of  a  producer  plant  and  gas 
engine  is  about  the  same  as  the  cost  of  a  steam  engine  and  boiler  of 
same  size  when  everything  is  included,  but  the  cost  of  power  from 
the  producer-gas  plant  is  very  much  less  than  that  obtained  from  small 
steam  engines. 

In  producer  plants,  ranging  upward  from  100  horsepower,  a  style  of 
plant  may  be  installed  in  which  soft  coal  or  lignite  may  be  successfully 
used.  This  still  further  cuts  down  the  cost  of  power.  In  fact,  large 
plants  of  this  type  furnish  the  cheapest  artificial  power  that  has  yet 
been  devised.  The  saving  is  not  only  in  fuel,  but  also  in  labor,  as  one 
man  is  capable  of  running  a  300-horsepower  plant. 

That  part  of  the  operating  expense  which  is  properly  chargeable  to 
fuel  cost  can  be  accurately  determined.  Column  13,  Table  14r,  expresses 
the  cost  per  acre-foot  of  water  recovered.  In  column  14  is  given  the 
cost  of  fuel  for  lifting  1,000  gallons  of  water  1  foot.  For  the  purpose 
of  comparison,  these  results  are  expressed  in  fractional  parts  of  a  cent 
It  should  be  noted  that  the  cost  given  in  the  table  is  based  upon  a 
22-cent  price  for  gasoline.  There  is  no  doubt  but  that  producer-gas 
plants  in  moderate-sized  units  would  enable  irrigation  by  pumping  in 
the  bottom  lands  of  Arkansas  River  to  be  highly  profitable. 

No  allowance  has  been  made  for  interest,  depreciation,  and  labor. 
These  expenses,  if  included,  would  about  double  the  cost  per  acre-foot 
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CHAPTER  VI. 

DETALLS  OF  TE8T8  OF  PUMPING   PTiAlSTTS. 
TEST  OF  PUMPING  PLANT  OF  D.  H.  LOGAN,  GARDEN.  KAN8. 

Thia  plant  is  located  in  the  northeast  corner  of  sec.  13,  R.  33  W., 
T.  24  S.,  and  is  in  the  northwest  corner  of  the  city  of  Garden.  The 
oattit  consists  of  ji  6-horsepower  Fairbanks,  Morse  &  Co.  horizontal 
gasoliBe  engine  connected  by  a  belt  to  a  No.  3  centrifugal  pump.  The 
well  is  constructed  of  20-inch  galvanized-iron  casing  32  feet  long,  per- 
forated 10  feet  up  from  the  bottom,  inside  of  which  are  two  4-inch 
feeders  28  feet  long,  perforated  their  entire  length,  and  extending  26 
feet  below  the  bottom  of  the  20-inch  casing,  making  a  total  depth  of 
58  feet  The  pomp  has  been  in  operation  since  April,  1902,  and  the 
engine  since  April,  1903.  The  water  was  measured  by  the  use  of  a 
folly  contracted  weir  with  a  length  of  crest  of  0.66  foot. 

The  engine  was  started  at  9  o'clock  and  the  weir  was  ready  for  water 
at  about  10.30.  The  water  was  turned  on  weir  and  the  head  read  until 
it  became  constant  at  1  p.  m.  In  order  to  determine  the  expense  of 
pumping,  all  of  the  gasoline  was  used  out  of  the  reservoir,  then  1  gal- 
lon was  poured  in  and  the  length  of  the  run  noted  to  be  one  hour  and 
thirty-two  minutes,  or  two-thirds  gallon  per  hour.  As  the  engine  is 
a  6*horsepower  one,  this  equals  0.111  gallon,  or  0.445  quart  of  gasoline 
per  horsepower  hour. 

The  average  corrected  head  on  the  weir  was  found  to  be  0.440  foot. 
Using  weir  formula 

q^G  \  V27  h  H«, 

where  J=0.66,  whence  (?=0.692,  the  discharge  is  found  to  be  . 
J =0.6046  second-foot =272  gallons  per  minute. 

Data  of  Logan  pumping  plants  Garden^  Kans. 

Feet. 

Avemge  depth  to  water  while  pumping 18. 6 

Normal  depth  to  water 11.  75 

Amount  lowered  by  pnmping 6. 85 

Elevation  of  well  platform 2,836.26 

Distance  water  was  raised  above  platform 3. 5 

Lift,  or  total  distance  water  was  raised 22. 1 

Total  area  of  well  strainer,  107  square  feet. 
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The  fuel  cost  of  pumping  was,  therefore,  0.9  cent  per  1,000  gallons 
of  water  recovered,  or  $2.93  per  acre-foot.  The  cost  of  1,000  foot- 
gallons  (1,000  gallons  raised  1  foot)  was,  therefore,  0.0406  cent,  or 
one  twenty -fifth  cent. 

The  specific  capacity  of  the  well  is  42.2  gallons  a  minute,  or  0.394 
gallon  for  each  square  foot  of  well  strainer. 

The  engine  ran  at  a  speed  of  350  revolutions  a  minute,  exploding 
143  times  a  minute.  The  diameter  of  engine  pulley  is  16  inches  and 
of  pump  pulley  10  inches.  This  gives  a  speed  of  560  revolutions  a 
minute  to  the  pump. 

The  size  of  the  pond  was. 40  feet  by  60  feet,  mostly  covered  with  a 
green  scum,  which  would  prevent  evaporation.  As  to  seepage,  the 
pond  falls  8  inches  in  twelv^e  hours  at  night.  The  p)ond  being  2,400 
square  feet  in  area,  the  observed  seepage  represents  a  loss  of  16.68 
gallons  per  minute,  which  should  be  added  to  the  capacity  of  pump 
and  well,  but  not  to  the  effective  cxipacity  for  Mr.  Logan. 

There  is  a  windmill  at  a  well  20  feet  north  of  the  one  pumped  by 
the  gasoline  engine — a  12-foot  airometer  connected  to  a  10-inch  pump 
of  12-inch  stroke.  After  the  weir  measurements  were  completed  the 
windmill  was  thrown  into  gear.  There  was  a  brisk  wind  from  the 
south  and  the  pump  threw  a  good  quantity  of  water,  but  no  appreciable 
lowering  of  the  water  in  the  gasoline-engine  Well  20  feet  away  was 
detected.     The  rise  of  the  water  in  the  well  was  obtained  twice. 

Below  are  the  two  sets  of  observations: 


Hise  of  water  after  cessation  of  pumping  in  Logan  tueU^  Garden,  Kana, 

FIRST  TRIALr-WINDMILL  NOT  RUNNING. 


Time. 

Depth  to 
water. 

i 

Time. 

Depth  to 
water. 

55  seconds 

a  18. 60 
16.06 
14.55 
12.95 
12.50 

RIAL-W] 

(«) 
18.0 
16.5 
14.35 
13.10 
12.90 
12.55 

a  Stopped 

! 

1  2  minutes  and  8  seconds 

F^ 
12.38 

1  minute  and  5  seconds 

1  2  minutes  and  22  seconds 

12.35 

1  minute  and  20  seconds 

2  minutes  and  33  seconds 

12.25 

1  minute  and  37  seconds 

2  minutes  and  48  seconds 

12.15 

1  minute  and  55  seconds 

1 

SECOND  T 

NDMILL  RUNNING. 

24  minute.^  and  30  seconds 

1 

'  26  minutes  and  48  seconds 

12.55 

24  minutes  and  35  seconds 

t  26  minutes 

1146 

24  minutes  and  45  seconds        .       .  . 

26  minutes  and  23  seconds.  . 

12.25 

24  minutes  and  48  seconds 

2&  minutes  and  58  seconds 

12.25 

25  minutes  and  10  seconds 

1  27  minutes  and  15  seconds 

12.25 

25  minutes  and  26  seconds 

27  minutes  and  80  seconds 

11© 

25  minutes  and  38  seconds 

pumping. 
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The  curves  showing  the  rate  of  rise  of  water  in  the  Logan  well  after 
pumping  ceased  are  given  as  curves  1  and  2  in  fig.  18.  Curve  2  is 
the  one  which  was  produced  when  the  windmill  was  pumping  from  a 
weU  20  feet  away.  The  comparison  of  this  curve  with  curve  1,  which 
was  produced  when  the  neighboring  well  was  not  used,  is  very  inter- 
esting, showing,  as  it  does,  a  less  rapid  rise  when  the  neighboring  well 
was  in  use.  To  find  the  specific  capacity  for  the  Logan  well  from  these 
curves  we  must  substitute  the  values  of  the  various  constants  in  the 
formula 

AH  .  ■ 

c?=17.25  -J  log  -T-  ga..ons  per  minute. 


"9^  1S9     '         Izo' 

Tvnm  m  seconds 

Fig.  \K — Rising  curves  for  Logan  well.    Curve  2  taken  when  neighboring  well  was  being  pumped  by 
windmill.    Curve  1  taken  when  windmill  was  shut  off. 

The  value  of  the  area.  A,  of  cross  section  of  the  well  casing  is  2.17 
square  feet,  and  H,  the  amount  the  water  is  lowered  by  the  pump,  is 
6.85  feet.  The  amount  of  depression,  A,  of  the  water  level  below  the 
natural  level  at  any  time  can  then  be  selected  from  the  curve,  and  the 
specific  capacity  readily  computed.  If  t  be  taken  to  be  40  seconds, 
or  i  of  a  minute,  h  will  be  found  from  the  curve  to  be  equal  to 
6.85—5.5  =  1.35  feet,  hence 

1^5  )  ^^'^"*^  P^^  minuU*  -  39.5  gallons 

per  minute. 

The  yield  of  the  well  for  the  maximum  depression,  6.85  feet,  must 
then  be 

6.85  X  39.5  =  270  gallons  per  minute. 
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The  curve  of  ri»e  of  water  formn  one  of  the  best  methods  of  deter- 
mining the  yield  of  a  well.  Such  curves  can  readily  be  obtuned.  Well 
data  should  always  include  meacturements  of  the  amount  of  low^rin^ 
of  the  water  surface  by  the  pumps,  and  it  is  only  necessary  to  Gontinae 
these  measui*ements  after  the  pumps  have  stopped  to  secure  sufficient 
date  to  estimate  the  specific  capacity  and  total  yield  of  the  well.  This 
avoids  the  necessity  of  constructing  a  weir  or  other  method  of  meas- 
uring the  water  discharge.  The  accuracy  is  sufficiently  great  for  the 
purpose  for  which  such  data  are  used.  The  method  can  be  used  only 
in  cases  where  an  internal  suction  pipe  extends  mto  the  well  casing 
with  sufficient  room  around  it  to  permit  a  sounder  to  be  lowered  to  the 
water  surface.  If  there  is  no  foot  valve  or  other  means  for  prevent- 
ing the  water  from  returning  to  the  well  after  pumping  ceases,  the 
rising  curve  may  still  be  used  for  the  determination  of  the  specific 
capacity,  provided  that  only  the  portion  of  the  curve  be  used  which 
was  formed  after  the  water  had  completely  returned  to  the  well  frpm 
the  pump. 

TEST  OF  THE   RICHTER   PUMPING   PLANT,  NEAR  GARDEN,  KANS. 

This  plant  is  located  in  the  northwest  comer  of  SW.  i-  sec.  14,  B. 
33  W.,  T.  24  S.  The  upper  part  of  this  well  is  cased  with  part  of  the 
old  stendpipe  from  Garden.  The  casing  is  10  feet  in  diameter  and 
extends  down  20  feet.  In  the  bottom  of  this  part,  of  the  well  are 
placed  four  8-inch  galvanized-iron  feeders,  arranged  symmetrically 
about  the  center;  each  feeder  is  26  feet  long,  perforated  its  entire 
length,  and  extends  about  2^  feet  above  the  bottom  of  the  large  part 
of  the  well. 

The  pump  used  is  a  Menge  pump,  which  operates  on  the  principle 
of  a  screw  propeller  of  a  steamship.  It  bores  the  water  out  and  up  a 
square  wooden  penstock  or  pump  shaft.  There  are  two  of  these  pro- 
pellers mounted  one  above  the  other  on  vertical  iron  shaft  inside  the 
penstock.  The  top  of  the  iron  shaft  carries  the  belt  pulley  and  has  a 
shoulder  bearing  which  tekes  the  thrust  of  the  pump  as  a  pull  above. 
This  pump -is  made  in  New  Orleans. 

The  pump  is  run  by  a  10-horsepower  Otto  gasoline  engine,  wbieb 
runs  at  a  speed  of  300  revolutions  per  minute.  The  circumference  of 
the  drive  pulley  is  5.25  feet,  and  of  the  driven  pulley  2.66  feet,  mak- 
ing the  pump  run  at  595  revolutions  per  minute.  The  screws  are 
boxed  up  and  under  water  when  the  pump  is  not  in  operation.  A 
small  pond  was  constructed  at  the  end  of  the  discharge  trough  and  a 
fully  contracted  rectangular  weir  of  length  of  crest  of  1.2  feet  was 
used  to  measure  the  discharge.  The  measurements  for  head  were 
taken  6  feet  away  from  the  weir,  and  boards  were  interposed  between 
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the  dischai^  trough  and  weir  to  cut  down  the  velocity,  which  might 
tend  to  give  erroneous  results.  The  average  corrected  head  on  the 
weir  was  0.371  foot.     Using  the  weir  formula 

and  taking  c  from  Merriman's  tables  as  0.603, 

^=0.876  second-foot =394  gallons  per  minute. 

Using  a  small  Price  acoustic  water  meter  in  the  discharge  trough, 
by  measuring  the  velocity  at  diflferent  places  and  also  by  integrating, 
the  dbcharge  was  found  to  be  0.76  second-foot,  or  342  gallons  per 
minute.  The  water  in  the  flume  was  so  shallow  that  this  determina- 
tion is  of  little  value.  By  putting  chips  in  the  discharge  trough  and 
catching  the  time  with  a  stop  watch,  the  surface  velocity  was  found 
to  be  1.565  feet  per  second.  This  number  multiplied  by  0.8  gives  an 
average  velocity  of  1.25  feet  per  second  and  a  discharge  of  0.884 
second-foot,  or  397  gallons  per  minute. 

An  attempt  was  made  to  determine  the  amount  of  gasoline  used. 
The  reservoir  was  filled  full  and  the  engine  run  for  1  hour  and  36  min- 
utes, or  1.6  hours.  All  the  gasoline  we  had,  9i  quarts,  did  not  then 
fill  the  tank.  This  was  at  noon,  July  6.  On  the  morning  of  July  7, 
9i  quarts  were  required  to  completely  fill  the  reservoir,  a  total  of  18f 
quarts  or  37i  pints  for  the  run  of  1.6  hours  for  a  10-horsepower 
engine.  The  makers  claim  their  engines  use  one  pint  per  horse- 
power hour.  This  would  require  in  this  case  16  pints,  or  less  than 
half  of  what  was  actually  measured,  if  the  engine  developed  its  full 
horsepower.  A  leak  in  the  tank  or  feed  pipe  is  clearly  indicated,  so 
this  amount,  while  being  of  value  to  the  owner  of  the  plant,  is  value- 
less so  far  as  comparative  cost  of  pumping  is  concerned. 

Two  observations  of  the  rising  curve  were  obtained  which  plot  well 
together.  The  lower  part  of  the  curve  is  not  accurate,  because  of  the 
water  in  the  penstock  dropping  back  into  the  well  when  pumping 
ceases. 

Data  of  Richter  pumping  plants  near  Garden ^  Kans, 

Feet. 

Elevation  of  the  ground  at  well 2,  S46. 0 

Average  elevation  of  water  in  well 2, 836. 8 

Average  elevation  of  water  in  well  when  pumping 2, 831. 5 

Elevation  of  discharge  from  penstock 2, 847. 0 

Lift 15.5 

Average  amount  water  is  lowered  by  the  pump 5. 3 

Number  of  explosions  of  engine,  126.5  per  minute. 

Total  area  of  surface  of  well  strainers  and  all  percolating  Hurfaces,  226.5  square  feet. 
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The  curves  of   rise  for  this  well  were  obtained  on  two  different 

occasions  and  are  shown  as  curves  1  and  2  in  fig.   19.     They  plot 

together  very  well.     To  find  the  specific  capacity  of  the  well  from  the 

curve,  we  note  the  following  values  of  the  constants  in  the  formula 

for  specific  capacity: 

A        H 
r=  17.25  -;  log  f  gallons  per  minute. 

The  area,  A,  of  cross  section  of  the  well  casing,  less  the  amount 
occupied  by  obstructions,  is  76.79  square  feet.  The  amount,  H,  that 
the  water  is  lowered  by  the  pump  is  5.3  feet.  The  amount  of  depres- 
sion, A,  of  the  water  surface  below  the  natural  level  at  any  time  can 
be  selected  from  the  curve.  From  the  curve,  at  the  close  of  ten 
minutes,  h  equals  5.8  less  4,  or  1.3  feet. 


5.3 
log  T^=81  gallons  per  minute. 


-tdd sSS- 

Ti'me  in  seca 

Fi(i.  19.— Rising  curves  for  Richter  well,  near  Garden,  Kans. 

Hence  the  specific  capacity 

.=li.25X    j^iog^3- 

Multiplying  by  5.3,  the  head  under  which  pumping  took  place,  the 
total  yield  of  the  well  is  81X5.3^=430  gallons  per  minute. 

The  above  determination  of  the  specific  capacity  is  inaccurate,  since 
the  first  portion  of  the  rising  curve  does  not  show  the  true  rate  of 
rise  of  water  in  the  well.  The  penstock  of  the  propeller  pump  holds 
37.7  cu])ic  feet  of  water,  which  immediatelj'  returns  to  the  well  when 
the  pump  is  stopped.  This  amount  of  water  is  suflScient  of  itself  to 
raise  the  level  in  the  well  bv  0.4t»5  foot.  For  this  reason,  only  that 
portion  of  the  rising  curve  should  be  used  which  is  not  influenced  by 
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the  returning  water  from  the  penstock.  Thus,  if  we  use  that  part  of 
the  curve  from  ^=^100  seconds  to  t=600  seconds,  we  wiJl  eliminate 
the  inai*curate  portion.  Making  this  modification,  the  data  are 
changed  to 

H=3.75feet;  A  =  1.30  feet;  2^ =8i  minutes. 
Computing  the  specific  capacity  on  this  basis,  we  obtain 
^=73  gallons  a  minute. 

Multiplying  this  by  5.3,  the  total  estimated  yield  is  388  gallons  a  min- 
ute, which  checks  remarkably  with  394  gallons  a  minute  obtained. 

The  area  of  the  strainer  and  bottom  of  the  well  is  266.6  square  feet. 
The  above  specific  capacity  divided  by  266.5  gives  0.341  gallon  per 
niinute  as  the  specific  capacity  per  square  foot  of  percolating  surface. 

The  engine  ran  at  a  speed  of  300  revolutions  and  exploded  125  times 
per  minute.  This  would  indicate  that  it  was  working  at  about  83  per 
cent  of  its  rated  capacity.  Assuming  that  such  was  the  case,  and  that 
it  would  then  use  83  per  cent  of  the  fuel  necessary  to  run  it  at  its  full 
rated  power  (10  horsepower),  we  have  8.3  pints  as  the  probable  amount 
of  gasoline  used  per  hour  by  the  engine  during  the  test.  This,  at  20 
cents  per  gallon,  would  make  a  cost  of  21  cents  per  hour.  This 
assumption  makes  the  cost  of  water  0.89  cent  per  1,000  gallons,  12.90 
per  acre-foot,  and  one-seventeenth  cent  per  1,000  foot-gallons. 

TBST    OF    PUMPING    PLANT    OF    C.    E.    SEXTON,    NEAR    GARDEN, 

KANS. 

This  plant  is  located  at  about  the  center  of  sec.  13,  R.  33  W., 
T.  24  S.,  and  is  1  mile  west  of  Garden.  It  consists  of  two  pumps  of 
16-inch  stroke,  with  6-inch  pistons,  connected  to  a  walking  beam  and 
driven  by  l^-horsepower  Fairbanks,  Morse  &  Co.  vertical  gasoline 
engine.  The  east  well  has  a  12-inch  casing  22  feet  deep,  and  the  west 
well  a  10-inch  casing  31  feet  deep,  both  casings  being  perforated  for  a 
di»stance  of  10  feet  up  from  the  bottom.  The  pump  rods  are  2  by  4 
tiuabers. 

The  two  pumps  discharge  into  an  artificial  pond  or  reservoir,  and 
the  flow  was  measured  with  a  weir  at  the  outlet  of  the  reservoir. 
The  weir  was  fully  contracted  with  a  length  of  crest  of  0.66  foot. 

The  height  of  water  on  the  weir  was  measured  by  placing  a  stick 
on  the  head  of  the  nail  and  marking  the  water  line  on  the  stick  with 
a  pencil,  then  measuring  with  a  pocket  tape ;  in  the  absence  of  a  hook 
gage  this  was  the  best  method  that  suggested  itself. 

The  weir  heights  taken  as  a  measure  of  the  discharge  of  the  pump 
are  those  obtained  after  the  water  level  in  the  reservoir  had  become 
stationary,  as  indicated  by  an  absence  of  systematic  variation  of  the 
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weir  heights.  As  evaporation  would  make  the  results  too  small,  the 
following  data  are  impK)rtant: 

The  size  of  reservoir  is  50  feet  by  90  feet,  or  4,500  square  feet; 
trees  border  the  north  and  south  sides,  with  high  gi-ass  along  the 
banks;  brisk  wind  was  blowing  from  southwest;  temperature  of  air 
was  SO'^,  temperature  of  water,  52^;  there  was  sunshine  until  about  3 
p.  m.,  when  it  became  cloudy  and  the  wind  moderated. 

The  east  well  threw  a  much  smaller  stream  than  the  west  well,  prob- 
ably due  to  a  leak  in  the  suction  pipe,  and  consequent  pumping  of  air. 
No  air  was  pumped  by  the  west  pump. 

Measurements  to  the  water  surface  in  the  east  well  were  made  at 
five-minute  intervals,  but  no  soundings  were  obtained  in  the  west 
well.  The  number  of  strokes  of  each  pump  averaged  24.5  per 
minute  during  the  test;  the  number  of  explosions  of  the  gasoline  en- 
gine avemged  106.2  per  minute.  The  batter^^  used  with  the  engine 
not  working  satisfactorily,  a  gasoline  torch  was  used  for  ignition. 
Gage  readings  of  distance  to  water  in  well  were  made  downward  from 
a  point  on  the  well  platform  whose  elevation  above  sea  level  was 
2,836.69. 

Data  of  Sexton  pumping  plants  near  Garden^  Kans. 

Feet. 

Distance  to  water  when  level  is  normal 8. 8 

Distance  to  water  when  pumping 11. 86 

Amount  water  level  was  lowered 3. 06 

Elevation 2,  S27. 9 

Distance  water  was  raised  above  point  on  platform ^  3. 2 

Total  distance  water  was  raised  (11.864  3.2) 15.06 

Total  area  of  well  strainers,  57.2  square  feet 

The  reservoir  has  been  in  use  for  some  time  and  the  seepage  was 
pi'obabl}'  quite  small,  a  small  enough  per  cent  to  be  negligible.  There 
was  no  leakage  around  the  weir,  or  elsewhere. 

The  gasoline  tank  was  filled  at  the  start,  and  when  the  run  was  com- 
pleted the  amount  needed  to  refill  was  measured,  thus  getting  the 
amount  used  by  the  engine,  which  was  11  quarts  for  a  run  of  9  hours 
and  37  minutes,  or  1.14  quarts  per  hour,  making  a  trifle  over  three- 
fourths  quart  per  horsepower  hour.  The  average  corrected  weir 
height  was  0.206  foot. 

Using  the  formula  for  a  contracted  weir 

and  taking  from  Merriman's  Hydraulics  the  value  of  the  constant 
c  for  5=0.66  and  H=0.206  as  0.611,  we  have  for  the  discharge 

y =0,202  second-foot,  =  91  gallons  per  minute, 

With  gasoline  at  22  cents  per  gallon,  or  5^  cents  per  quart,  the  expense 
of  an  hour's   run,  pot  counting  gasoline  used  for  ignition  t^be,  ia 
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$0.0625  per  hour,  or  $0.0115  per  thousand  gallons  of  water  pumped, 
or  $3.75  per  acre-foot.  The  lift  being  15.06  feet,  the  cost  per  1,000 
foot-gallons  is  0.076  cent,  or  about  one-thirteenth  cent  per  1,000  gal- 
lons raised  one  foot. 

On  Jul}'  8  the  rise  of  water  in  the  east  well  was  taken  by  means  of 
a  thin  pine  board  stuck  down  between  the  cusing  and  pump.  The 
intervals  of  time  were  measured  with  a  stop  watch.  The  pine  strip 
was  lowered  into  the  well  until  the  water  was  reached,  after  which  the 
board  was  drawn  up,  the  wet  line  marked,  the  time  recorded,  and  the 
board  replaced,  the  observations  being  repeated  as  fast  as  pK)ssible. 
The  distances  marked  on  the  strip  were  measured  later. 

Rise  of  water  after  cesmtion  of  pumping  in  Sexton  imlly  near  Garden^  Kans, 


Time. 


Rise. 


8  seconds I  0. 46 

2D.5  seconds n |  2.44 

56.6  seconds 2. 92 

82  seconds 1  3.01 

104.6  seconds I  3. 02 

134.5  seconds i !  3.03 


The  rising  curve  plotted  from  these  data  was  of  little  use  in  deter- 
mining the  specific  capacity  of  the  wells,  both  on  account  of  an 
unknown  amount  of  water  returned  to  the  well  by  leakage  of  the 
pump,  and  because  of  the  unknown  amount  of  lowering  of  the  water 
in  the  west  well. 

TEST  OF  PUMPING  PLANT  OF  NATHAN  FULMER,  LAKIN,  KANS. 

This  plant  is  in  the  center  of  NE.  i  sec.  10,  R.  3^  W.,  T.  25  S., 
Kearney  County,  3  miles  south  of  Lakin,  Kans.  The  well  consists  of 
a  wooden  casing,  6  feet  in  diameter  and  10  feet  deep,  sunk  with  the 
top  flush  with  the  surface  of  the  ground.  Inside  of  this  cylindrical 
casing  and  extending  9^  feet  below  the  bottom  of  it  is  a  tapered  wooden 
curbing  10  feet  long,  4  feet  in  diameter  at  the  top,  and  5  feet  in 
diameter  at  the  bottom.  This  curb  was  given  the  tapering  form  in 
order  to  lessen  the  friction  on  the  sides  in  sinking  the  well.  The  total 
depth  of  the  two  large  curbs  is  19i  feet.  Arranged  in  a  circle  in  the 
bottom  of  the  main  well,  about  5  inches  from  the  edge,  are  7  feeders. 
Four  of  these  feeders  are  7  inches  and  3  are  8  inches  in  diameter.  The 
length  of  each  feeder  is  23  feet  4  inches.  The  feeders  extend  down  to 
within  3  or  4  inches  of  an  underlying  clay  or  silt  and  8  inches  above 
the  bottom  of  the  large  well.  The  total  depth  of  the  well  is  42  feet. 
The  feeders  are  made  of  No.  20  galvanized  sheet  iron  with  three-eighths- 
inch  perforations  arranged  in  circles  from  three- fourths  of  an  inch 
to  2  inches  apart. 
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The  material  encountered  in  sinking  the  well,  according  to  Mr. 
Fulmer,  was,  first,  4  feet  of  clay,  then  sand,  which  be<»me  coarser 
with  the  depth.  The  bottom  stratum  consists  of  a  mixture  of  fine 
sand  and  gravel,  some  of  the  latter  being  the  size  of  a  hen's  egg. 
Water  was  found  at  a  depth  of  8  feet. 

A  local  make  of  chain  and  bucket  pump,  known  as  the  Pittman 
pump,  is  used  in  this  well.  It  consists  of  an  upper  shaft  and  sub- 
merged lower  shaft  around  which  run  the  two  sprocket  chains  to 
which  are  attached  the  galvanized  iron  buckets,  each  with  a  capacity 
of  12.6  gallons.  The  buckets,  33  in  number,  are  hung  between  the 
chains  and  are  of  such  shape  that  when  they  come  over  at  the  top  of 
the  circuit  they  discharge  the  water  readily  into  the  discharge  trough, 
allowing  very  little  to  run  back  into  the  well.  To  aid  in  starting  the 
water  down  the  trough  a  number  of  horizontal  guide  vanes  are  placed 
therein  with  a  slope  away  from  the  descending  buckets  in  such  a  way 
that  the  water  is  started  down  the  trough  with  very  little  splashing 
back  into  the  well.  These  pumps  are  of -a  recent  design,  and  are  made 
in  Kearney  County.  There  are  three  such  pumps  in  operation,  one 
run  by  a  windmill  near  Garden,  and  one  owned  b}^  Mr.  Root,  a  test  of 
which  is  described  in  this  report  (pp.  70-73). 

The  power  is  supplied  through  the  proper  gearing  by  a  Howe 
gasoline  engine,  built  by  the  Middletown  Machine  Company,  which 
develops  about  7  hoi*sepower  at  286  revolutions  per  minute.  The 
engine  is  cooled  by  water  taken  from  the  .discharge  trough.  The 
supply  of  gasoline  is  put  in  a  rectangular  sheet-iron  tank,  2.4  feet  by 
2.6  feet  by  1  foot  high,  which  is  placed  in  the  ground  outside  the  engine 
house.  The  ratio  of  the  gearing  between  the  engine  and  bucket  chain 
is  such  that  I75i  revolutions  of  the  engine  produce  1  revolution  of 
the  bucket  chain,  or  5i  revolutions  of  the  engine  to  each  bucket 
discharge. 

The  discharge  trough  empties  into  a  reservoir  from  which  the  seep- 
age is  quite  rapid.  As  there  was  no  chance  to  put  a  weir  between 
the  pump  and  the  reservoir,  and  since  one  placed  at  the  outfall  of  the 
reservoir  would  measure  only  a  portion  of  the  water  entering  the 
reservoir,  the  amount  of  water  pumped  was  measured  by  counting 
the  number  of  revolutions  of  the  bucket  chain  and  computing  the 
capacity  of  several  buckets  to  secure  an  average  value.  The  average 
capacity  was  found  to  be  12.52  gallons.  The  computed  discharge, 
obtained  by  counting  the  revolutions  of  the  bucket  chain  and  noting 
the  time,  was  561  gallons  per  minute.  It  was  estimated  that  the 
buckets  lacked  about  0.05  foot  of  being  full,  this  being  about  4  per 
cent  of  the  measured  capacity  of  the  buckets.  Also,  during  the  run, 
22  buckets  came  up  empty,  caused  by  the  failure  of  the  valve  in  the 
bottom  to  work,  which  amounts  to  a  loss  of  one-fourth  of  1  per  cent 
of  the  total  discharge.     Reducing  the  observed  561  gallons  by  4  per 
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cent  gives  540  gallons  per  minute  as  the  corrected  discharge  of  the 
well.  The  water  level  was  lowered  6.35  feet  below  the  normal.  The 
lift  to  the  discharge  trough  was  17  feet.  The  engine  ran  at  240  revo- 
lutions and  averaged  64  explosions  per  minute. 

The  amount  of  gasoline  used  was  determined  by  measuring  the 
depth  of  gasoline  in  the  tank  at  intervals  and  noting  the  time  at  each 
measurement;  then  by  plotting  a  curve  the  average  rate  per  hour  of 
lowering  of  the  gasoline  in  the  tank  was  obtained,  and,  the  horizontal 
cross  section  of  the  tank  being  known,  the  amount  of  gasoline  used 
per  hour  was  computed  to  be  0.65  gallon.  The  cost  of  gasoline  was 
21  cents  per  gallon  in  barrel  lots,  making  the  expense  of  nmning  the 
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Fio.  20.— Rifling  curve  for  the  Fulmer  well,  LaJcin,  Kans. 

engine  13.65  cents  per  hour.*  The  cost  of  water  per  acre-foot  was 
therefore  $1.37.  The  cost  of  water  per  1,000  gallons  was  0.42  cent, 
and  the  cost  per  1,000  foot-gallons  was  one-foitieth  of  a  cent. 

A  reservoir  100  feet  wide  by  240  feet  long  is  used  in  connection  with 
the  plant.  This  reservoir  was  made  by  digging  out  the  inside  and 
using  the  material  to  form  the  banks.  This  produced  a  very  porous 
bottom  and  much  trouble  has  been  experienced  from  seepage.  To 
remedy  this  the  bottom  was  puddled  thoroughly  by  plowing  and  har- 
rowing, then  putting  in  chatf  and  straw  and  herding  cattle  and  horses 
in  the  bottom  for  several  days,  but  the  surface  of  the  water  still  drops 
about  6  inches  per  day. 

One  observation  of  the  rising  curve  of  this  well  was  made  (fig.  20). 

It  will  be  noticed  that  there  is  an  irregularity  in  the  curve  coiTespond- 
ing  to  a  depth  of  about  li  feet  below  the  normal  water  level,  caused 
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by  the  sudden  change  in  cross  section  from  12^  square  feet  to  28i 
square  feet  at  the  top  of  the  lower  casing.  From  the  rising  curve  the 
specific  capacity  may  be  obtained  from  the  following  formula: 

^•=17.25  4  log? 

At  a  point  4  feet  above  lowest  position  of  water  level  the  average 
area  A  of  the  well  from  0  to  this  point  is  17  square  feet.  ^=1.6  min- 
utes; H  =  6.35  feet;  A =2. 35  feet. 

Then  t* = 80  gallons  per  minute.  This,  multiplied  by  6.35,  the  amount 
the  water  was  lowered  by  pumping,  gives  508  gallons,  which  is  within 
G  per  cent  of  the  observed  discharge. 

The  total  area  of  percolating  surface,  7  feeders,  and  the  bottom  of 
the  well,  is  334  square  feet.  The  above  specific  capacit}'^  divided  by  334 
gives  0.24  gallon  per  minute  per  square  foot  of  percolating  area. 

The  amount  of  water  recovered  can  not  be  increased  without  lower- 
ing the  pump,  a.s  a  glance  at  the  diagram  will  show,  the  water  level 
being  now  lowered  slightly  below  the  lower  shaft. 

The  Fulmer  plant  was  installed  in  the  spring  of  1903  and  has  been 

in  operation  since  April  of  that  year.     The  cost  of  the  entire  plant  is 

as  followvs: 

Cost  of  Fulnier  plant,  Lakin,  Kan». 


Cost  of 
material. 


Labor. 


Well: 

Material  and  lumber 

Digging 

Seven  feeders  at  $8.40  (24  feet  each,  at  36  cents  a  foot)  , 

Reservoir,  man  and  team,  at  $3.60  a  day 

Pump,  made  by  Mr.  Fulmer,  market  price  about 

Engine: 

Cost  in  Kansas  City 

Freight 

Shed,  8  by  22  by  7  feet 

Incidentals 


$18.60 


58.80 


260.00 

828.60 
18.62 
35.00 


Time,  in 
days. 


as 
a  45 


40 


Total  cost . 


719.42 


a5 


Cost. 


$6.00 
90.00 


140.00 


10.00 


I  246.00 


Total 
cost. 


$24.50 
90.00 
58.80 
140.00 
260.00 

847.12 

45.00 
84.58 


,000.00 


«  Labor,  $2  a  day. 


Mr.  Fulmer  uses  water  from  the  south-side  ditch,  and  only  about  15 
acres  of  cantaloupes  and  fruit  trees  are  irrigated.  The  capacity  of  the 
plant  is  about  KKj  ac^res. 

TEST  OF  PUMPING  PLANT  OF  J.  M.  ROOT,  LAKIN.  KANS. 

This  plant  is  located  at  the  southeast  corner  of  northwest  i  sec.  4, 
R.  36  W.,  T.  25  S.,  Kearney  County,  3  miles  southwest  of  Lakin,  Kans. 

The  well  consists  of  a  wooden  casing,  6  feet  in  diameter  and  12  feet 
long,  sunk  with  the  top  flush  with  the  ground.     Inside  of  and  below 
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this  is  a  10-foot  casing,  4^  feet  in  diameter  at  the  top  and  5^  feet  at 
the  bottom,  sunk  until  the  top  is  2  feet  above  the  bottom  of  the  upper 
casing,  making  the  total  depth  of  the  main  weJl  20  feet.  In  the  bot- 
tom of  this  main  well  are  sunk  5  feeders  in  a  circle  about  10  inches 
from  the  edge  of  the  lower  casing.  The  feeders  are  8  inches  in  diam- 
eter; two  of  them  are  24  feet  long  and  three  are  18  feet  long.  The 
24-foot  feeders  project  2  feet  above  the  bottom,  while  the  18-foot 
feeders  project  only  1  foot.  These  feeders  are  made  of  No.  20  gal- 
vanized iron,  and  the  perforations  are  the  same  as  in  Fulmer's  well, 
previously  described. 

The  material  encountered  in  sinking  the  well  was,  first,  about  1  foot 
of  sand,  then  about  17  feet  of  black  dirt,  followed  by  1  foot  of  yellow 
clay  and  2  feet  of  sandy  clay.  There  is  no  record  of  the  material 
encountered  in  sinking  the  feeders. 

The  Pittman  pump  is  used  in  this  well  and  is  of  the  same  pattern  as 
that  described  in  connection  with  the  Fulmer  plant.  The  buckets  are 
smaller,  having  a  capacity  of  6.3  gallons,  and  the  bucket  chain  has 
places  for  40  buckets,  24  of  which  were  in  place  at  the  time  of  the 
test.  The  vacant  places  were  left  at  regular  intervals  around  the 
chain,  but  the  effect  was  to  give  the  chain  a  swinging  motion,  which 
caused  the  slopping  out  of  a  great  deal  of  water.  The  valves  in  the 
bottoms  of  the  buckets  also  leaked  excessively. 

Power  is  furnished  by  a  vertical  2i-hor8epower  two-cycle  Weber 
gasoline  engine  with  throttle  governor,  built  by  the  Weber  Gas  and 
Gasoline  Engine  Company,  Kansas  City,  Mo.  The  engine  is  cooled 
by  a  small  tank  and  exploded  by  an  autosparker.  The  ratio  of  the 
gearing  between  the  engine  and  the  bucket  chain  is  such  that  257 
revolutions  of  the  drive  wheel  produce  1  revolution  of  the  bucket 
chain,  or  6.4  revolutions  of  the  engine  to  each  bucket  raised,  if  the 
buckets  are  all  on  the  chain. 

There  is  no  reservoir  used  with  this  plant.  The  discharge  was 
measured  with  a  fully  contracted  weir,  with  a  length  of  crest  of  1 
foot.  The  average  head  observed  was  0.2805  foot,  giving  the  follow- 
ing discharge  by  the  Francis  formula: 

q  =  3.33(J-0.2H)H« 

=  3.33  (1.0  -  0.056)  0.2805* 

=  3.33  X  0.944  X  0.1485 

=  0.4675  second-foot 

=  210  gallons  per  minute. 

By  the  formula  given  by  Merriman  for  fully  contracted  weir  of 
length  of  crest  of  1  foot  the  discharge  is  computed  to  be  218  gallons  per 
minute.  The  following  computations  are  based  on  a  discharge  of  215 
gallons  per  minute:  As  the  water  level  was  lowered  4.16  feet  the  specific 
capacity  is  51.7  gallons  per  minute.     The  lift  was  16.8   feet.     The 
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engine  averaged  488  revolutions  per  minute,  exploding  at  every  revo- 
lution. 

The  amount  of  gasoline  used  for  a  three-hour  run  was  exactly  6 
quarts,  or  at  the  rate  of  0.5  gallon  per  hour.  This  gasoline  cost  22 
cents  per  gallon,  making  the  cost  of  fuel  11  cents  per  hour.  The  cost 
of  water  is  0.855  cent  per  1,000  gallons,  $2.78  per  acre-foot,  and  one- 
nineteenth  cent  per  1,000  foot-gallons.  The  lack  of  economy  in  this 
plant  is  in  the  engine,  which  is  old  and  in  poor  condition,  and  in  the 
buckets,  the  valves  of  which  leak  Ijadly.  Also  the  water  was  low- 
ered so  far  that  the  buckets  did  not  start  up  full,  and  the  swinging 
motion  of  the  chain  spilled  a  great  deal.  The  owner  has  never  been 
able  to  keep  the  plant  running  for  more  than  half  an  hour  at  a  time, 
and  it  took  as  long  to  put  the  plant  in  order  as  it  did  to  make  the  test. 
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FiQ.  21.— Two  rising  curves  for  the  Root  well:  Curve  A,  after  four  or  five  hours  of  pum pi np;  cun'e  B, 
after  only  twenty  minutes  of  pumping. 

Two  rising  curves  of  this  well  were  obtained,  which  make  an  inter- 
esting comparison  (see  tig.  21). 

Curve  A  was  taken  late  in  the  afternoon,  after  about  four  or  five 
hours'  pumping,  and  curve  B  was  taken  after  about  twent}'  minutes' 
pumping,  when  the  water  was  lowered  to  the  same  depth  as  during 
the  preceding  afternoon. 

Curve  B  is  much  steeper  than  curve  A,  showing  that  the  water 
flowed  into  the  well  faster.  This  can  l>e  explained  by  the  fact  that 
during  the  short  period  of  pumping  (twenty  minutes)  the  cone  of  influ- 
ence had  not  extended  as  far  as  in  the  tirst  case,  and  there  was  there- 
fore less  unsaturated  soil  to  till  with  water  and  a  steeper  slope  of  the 
ground-water  surface. 

The  specific  capacity  of  the  well,  determined  from  these  curves, 
using  the  method  described  heretofore,  is  62.5  gallons  per  minute. 
This  multiplied  by  4.16,  the  amount  of  lowedng  of  the  well  by  the 
pump,  gives  260  gallons  per  minute,  which  is  19  per  cent  above  the 
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observed  discharge.  The  percolating  surface— area  of  feedei's  plus 
bottom  of  well — is  210  square  feet,  and  dividing  the  specific  capacity 
determined  from  the  discharge  by  210  we  get  0.246  gallon  per  minute 
as  the  specific  capacity  per  square  foot  of  percolating  area.  This 
large  error  is  probably  caused  by  the  steep  slope  given  to  the  rising 
curve  by  the  leakage  of  the  water  from  the  buckets.  The  pump  must 
be  lowered  before  a  greater  quantity  of  water  can  be  recovered,  as 
the  water  at  present  is  lowered  to  the  level  of  the  lower  shaft. 

This  plant  has  not  been  utilized  for  irrigation  as  yet,  but  its 
use  is  contemplated  for  irrigating  about  20  acres  of  beets,  cantaloupes, 
melons,  and  garden  truck. 

The  Root  plant  was  installed  in  the  spring  of  1904,  being  completed 
in  the  latter  part  of  May.     Its  total  cost  was  as  follows. 

Cost  of  R(}ot  pwnping  plant  near  Lakin^  Kans, 

I^bor.  I 

'   Cost  of  —  I  Total 

i  material.   Time  In  '  f.^.  „     cost. 


dayg, 


I 


•27 
42 


Well: 

LumbtT '  $27 

Feeders 42 

Labor— 

Prcwpecting  for  location,  diicgicg  bifc  hole ,              2j         w|  4 

Making  big  curb 9j         18  18 

Sinking  big  curb 12'         24,  24 

Sinking  feeders '             17  '         34  34 

Pump 100   1 100 

En^ne T JOO  ! '  100 

Installing 6  6 

Shed: 

Lumber,  nails,  and  window 33   33 

Paint  and  painting I              4  ^ '  4 

Labor ' *         10  '  10 


Total 306    ;  96  402 

I  ! 

a  Labor,  $2  a  day. 
TEST  OF  WELL"  AT- KING  BROTHERS'  RANCH,  GARDEN,  KANS. 

This  well  is  located  near  the  west  side  of  sec.  80,  R.  88  W.,  T.  22  S., 
about  12  miles  northwest  of  Garden.  Kans. 

The  well  consists  of  a  shaft,  alx>ut  5  feet  square,  sunk  41.4  feet,  to 
within  1.2  feet  of  the  water  level.  From  the  bottom  of  this  shaft  a 
15-inch,  perforated,  galvanized-iron  casing  extends  down  to  a  depth  of 
40.5  feet  from  the  normal  surface  of  the  ground  water. 

It  was  put  down  by  King  Brothers  to  determine  the  amount  of 
ground  water  which  could  be  recovered  at  this  point  from  a  single  well 
and  its  influence  on  other  wells. 
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Fifteen  feet  from  the  first  well  a  second  well  was  sunk  to  a  depth  of 
91  feet,  7.9  feet  lower  than  the  first  well.  This  second  well  was  put 
down  for  the  purpose  of  determining  the  effect  on  the  water  plane  of 
lowering  the  water  in  the  first  well  by  pumping. 

A  No.  4  Byron-Jackson  centrifugal  pump  was  placed  at  the  bottom 
of  the  shaft  of  the  first  well  and  connected  by  a  long  belt  i*unning  over 
2  idle  wheels  to  a  14-horsepower  thresher  engine  on  the  surface  of  the 
ground.  The  discharge  was  measured  by  a  fully  contracted  weir  with 
a  crest  of  1  foot.  The  head  at  the  time  of  maximum  discharge,  when 
the  water  in  the  well  was  as  far  down  as  the  pump  could  lower  it, 
was  0.25  foot,  corresponding  to  a  flow  of  183  gallons  per  minute. 
This  maximum  rate  was  very  difficult  to  maintain  for  any  length  of 
time,  because  of  the  tempoi-ary  manner  in  which  the  machinery  was 
installed.  The  belt  was  liable  to  slip  and  allow  the  water  to  rise  sev- 
eral feet;  also  the  idle  wheels  at  the  top  of  the  shaft  over  which  the 
belt  ran  were  poorly  mounted,  and  at  times  a  stop  was  necessary  to 
cool  off  a  hot  box  at  that  place. 

The  above  discharge  was  measured  when  the  water  level  in  the  well 
was  lowered  20.3  feet  by  the  pump.  Dividing  the  discharge  by  the 
distance  gives  the  specific  capacity  of  the  well,  or  the  amount  of  water 
furnished  for  1  foot  of  lowering,  as  9  gallons  per  minute.  The  total 
percolating  area  of  well  strainer  exposed  to  the  water  was  85  square 
feet.  From  this  it  appears  that  the  specific  capacity  of  the  well 
strainer  is  0.106  gallon  per  square  foot  per  minute. 

As  this  was  a  test  of  the  capacity  of  the  well  only,  and  not  of  the 
pumping  plant,  no  indicator  cards  nor  other  device  was  used  to  get 
the  efficiency  of  the  plant,  and  no  measure  was  made  of  the  coal  burned. 
The  mechanical  efficiency  would  undoubtedly  have  been  low,  as  there 
was  a  constant  slipping  of  the  belt,  and  the  idle  wheels  were  home- 
made, running  in  wooden  bearings,  which  were  smoking  constantly. 

The  maximum  lowering  of  the  water  in  the  main  well  was  20.2  feet, 
and  the  corresponding  depression  of  the  water  plane,  15  feet  away,  as 
indicated  by  the  test  well,  was  3.5  feet.  This  shows  the  steep  slope  of 
the  water  plane  and  the  comparatively  small  radiusof  the  base  of  the 
cone  of  influence. 

Readings  were  taken  of  the  water  level  in  the  main  well  and  the  test 
well,  and  the  discharge  was  noted  at  intervals.  The  accompanying 
curve,  fig.  22,  shows  rising  curves  for  the  main  well  and  the  test  well 
plotted  together.  A  study  of  the  curve  brings  out  several  facts  that 
might  well  be  expected.  The  rise  of  the  test  well  lags  slightly  behind 
that  of  the  main  well.  The  curve  of  the  main  well  shows  an  irregu- 
larity due  to  the  caving  in  of  material  around  the  strainer. 

King  Brothers  contemplate  sinking  20  of  these  wells  in  a  noi*th 
and  south  line.  They  propose  to  connect  them  all  with  a  tunnel  just 
above  the  water  plane  and  lay  a  main  suction  pipe  in  this  tunnel,  with 
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branches  tapping  all  the  wells.  The  pumps  will  be  located  in  the  shaft 
already  dug,  and  connected  by  a  belt  to  the  power  plant  on  the  surface. 
The  owners  paid  40  cents  a  foot  for  sinking  the  wells  and  furnished 
one  man.  The  price  paid  for  the  15-inch,  No.  16,  iron  casing  was  $1 
a  foot.     They  contemplate  using  wooden  casing  in  the  remainder  of 


rmet 

2/ 



20 

rjs* 

jis!!^ 

'^ 

^ 

u'!^ 

ij^ — 

m 

iS 

/J 

/ 

/ 

/ 

j 

1 

/ 

II 

/ 

/ 

9 

e 

7 

/ 

/ 

/ 

/ 

5 

3 

e 
J 

< 

7                  i 

\                       / 

Q                  K 

rt 

5                   2 

/fes 

s           i 

0 

Fig.  22.— Rising  curves  for  main  well  and  test  well,  King  Brothera'  plant,  (Jaitlen,  Kans. 

the  wells.  This  will  be  made  of  pine  lumber  1  inch  b}'  3  inches.  It 
will  take  16  such  boards  to  make  the  circular  casing,  at  a  cost  of  $3.50 
per  hundred  linear  feet  of  luml)er.  One  man,  at  $1.50,  can  make  and 
perforate  about  25  feet  of  this  casing  in  a  day.  This  would  make  the 
cost  of  wooden  casing  62  cents  per  foot. 
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After  the  tunnels  and  wells  are  dug  King  Brothers  purpose  to  con- 
tract for  the  installation  of  a  compound  Corliss  engine  and  centrifugal 
pump  at  about  $9,500.  They  expect  the  plant  to  raise  4,000  gallons 
of  water  per  minute,  with  a  60-foot  lift,  this  being  at  the  rate  of 
2,000,000  foot-pounds  per  minute  on  4,800  pounds  of  coal  per  twenty- 
four  hours.  If  the  coal  contain  12,500  British  thermal  units,  and  if 
the  boiler  eflSciency  be  assumed  at  75  per  cent,  engine  13  per  cent,  and 
belt  90  per  cent,  the  pump  would  be  required  to  have  an  efficienc}'  of 
70  per  cent  to  realize  the  above  expectation.  These  figures  require 
that  the  plant  turn  out  5.9  per  cent  of  the  energy  in  the  fuel  in  the 
form  of  useful  work.  ^ 

TEST  OF  CITY  WATERWORKS  WELL,  GARDEN.  KANS. 

The  first  test  began  at  4.25  a.  ra.  June  28,  1904,  when  one  pump 
was  started.  The  second  pump  was  started  at  5.50  a.  m.  The  hydrants 
used  in  flushing  the  sewers  were  opened  at  about  7.30  a.  m.  and  closed 
at  10.35  a.  m.  The  east  pump  was  stopped  at  11.15  a.  m.;  the  west 
pump  was  operated  constantly  all  day.  On  account  of  the  flushing  of 
the  sewers  an  exceptionalh'  large  amount  of  water  was  pumped  during 
this  test. 

Gage  heights  in  the  well  were  read  every  five  minutes,  and  the  num- 
ber of  cycles  of  each  pump  was  recorded  every  tenth  minute  for  the 
ten  preceding  minutes.  The  pumping  machinery  consists  of  two 
compound  steam  duplex  pumps,  with  cylinders  8  inches  by  12  inches, 
which  are  very  old  and  worn.  The  test  was  continued  until  12.40 
p.  m.  At  8  p.  m.  the  test  was  again  taken  up,  this  being  the  time 
when  the  sprinkling  of  lawns  is  stopped.  The  cycles  of  the  engine 
were  counted  and  well  heights  taken  as  before. 

Pumping  is  stopped  at  9  p.  m.  Sprinkling  of  lawns  is  allowed  from 
7  to  11  a.  m.  and  from  4  to  8  p.  m.  Most  of  the  rise  of  water  in  the 
well  occurs  before  9  p.  m.,  when  the  pump  is  stopped.  A  plug  was 
made  for  the  feeder  and  inserted  July  7,  but  it  did  not  fit  tight  enough 
to  stop  the  flow.  The  rising  curve  was  taken  July  7  in  the  evening 
and  also  July  8,  when  the  plug  was  driven  down  so  as  to  be  water- 
tight. July  11  the  rising  curve  was  again  taken  when  the  water  was 
lower. 

The  well  is  16.2  feet  inside  diameter  and  20  feet  deep.  The  bottom 
is  about  8.9  feet  below  the  normal  level  of  the  ground  water.  There 
is  a  10-inch  feeder  in  the  bottom  of  the  well,  which  extends  to  a  depth 
of  42  feet  below  the  ground  and  about  3  feet  above  the  bottom  of  the 
large  well.  It  is  open  at  the  bottom  and  perforated  10  inches  up 
from  the  bottom.  The  water  level  is  about  11  feet  below  the  ground 
level. 
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Data  of  cily  waterworks  well,  Garden,  Kant. 


Feet. 


i:ievation  of  top  of  well  roof T. 2, 837. 


Distance  to  top  of  gage. 
Distance,  top  to  0 


10.35 
13.25 


23.60 


Elevation,  water  normal 8.  72 

Normal  elevation  of  water 2,822.38 

Ground  level 2,832.00 

Elevation  of  l)ottoin  of  well  2,813.66=0  of  gage. 


T/me  of  day  P.M, 

Fio.  28. — Rising  curves  for  city  waterworks  well,  Garden,  Kans. 

The  rising  curves  obtained  for  this  well  on  tfune  28,  July  7,  8,  and 
11  are  reproduced  in  fig.  23.  Fig.  24  gives  the  engine  cycles  and  ele- 
vation of  water  in  the  well  for  several  hours  of  heavy  pumping  on 
June  28,  1904,  while  the  sewers  were  being  flushed.  The  displace- 
ment in  the  two  cylinders  of  one  of  the  pumps  amounts  to  1.362  cubic 
feet.  The  curve  in  fig.  24  enumerates  the  cycles  of  pumps,  so  that 
the  total-  discharge  of  the  pumps  can  be  obtained,  if  no  allowance  be 
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made  for  slip,  by  multiplying  the  number  of  cycles  by  1.362.  The 
discharge,  computed  in  this  way,  amounts  to  685  gallons  a  minute. 

The  amount  of  slip  is  enormous.  Using  the  rising  curve  for  June 
28,  we  ma}"  place  H=0.65,  A  =  0.46,  and  A =204. 5  square  feet  in  the 
formula  for  specific  capacity.     This  gives  a  specific  capacity 

<:"=53  gallons  a  minute. 

This  result  is  much  below  the  normal  on  account  of  the  excessive 
amount  of  pumping  on  that  day,  due  to  the  flushing  of  sewers.  The 
maximum  amount  of  lowering  of  the  water  in  the  well  was  5.48  feet, 


Fig.  24.— Elevation  of  water  In  city  well,  Garden,  Kans.,  and  engine  cycles  of  steam  pump  during 
heavy  pumping  while  flushing  sewers,  June  28, 1904. 

which  occurred  at  10.30  a.  m.,  when  the  pump  cycles  numbered  67  per 
minute.  Multiplying  5.48  by  53,  the  total  discharge  at  that  time  is 
found  to  be  290  gallons  a  minute.  The  slip  of  the  pump  must  there- 
fore have  amounted  to  57  per  cent  at  this  time. 

Using  the  rising  curve  of  July  7,  the  specific  capacity  of  the  well  is 
found  to  be  67  gallons  a  minute.  The  following  table  shows  the 
specific  capacities  computed  for  the  several  dates: 

Specific  capacity  of  city  watenoorks  welly  Garden^  Kans.y  1904- 


Rising  curve. 


I  Specific  ca- 
pacity per 
I    minate. 


QcUoM. 


June  28,  8.55  to  9.05  p.  m 

July  7,  9  to  9.10  p.  m 

July  8,  9  to  9.10  p.  m 

July  11,  9.05  to  9.15  p.  m 


67 
78 
90 
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These  results  furnish  interesting  comparisons.  The  low  specific 
capacity  on  June  28  was  obtained  after  the  prolonged  and  excessive 
pumping  for  flushing  of  the  sewers.  There  was  a  light  rain  on  the 
night  of  July  6,  and  a  heavy  rain  on  the  night  of  July  7,  which  influ- 
enced both  the  consumption  of  water  in  the  city,  and  in  a  slight  degree 
the  amount  of  ground  water  available. 

On  July  8  and  11  the  feeder  in  the  bottom  of  the  well  was  plugged. 
The  plug  did  not  leak,  but  the  casing  of  the  feeder  must  have,  leaked 
badly  since  no  influence  upon  the  specific  capacity  of  the  well  can  be 
detected. 

In  Water-Supply  Paper  No.  67,^*  a  rising  curve  for  this  same  well  is 
given,  as  observed  by  Johnson  in  19(X).  From  that  curve  it  is  possi- 
ble to  compute  the  specific  capacity  of  the  well  in  1900.  The  follow- 
ing determinations  are  based  upon  various  intervals  after  pumping  has 
stopped,  as  indicated  in  the  table.  The  specific  capacity  of  a  well 
always  appears  to  be  lower  than  its  true  value,  if  the  very  last  portion 
of  the  rising  curve  be  used,  since  at  this  period  a  large  f  inaction  of  the 
water  is  being  utilized  in  filling  up  the  ground  around  the  well. 

Specific  capacity  of  city  vxUenvorks  welly  Garden^  Kans.^  1900. 


specific  ca- 
Intervalfl.  pacity  per 

minute. 


QaiUyM. 

0-10  minutes ;  78.0 

0-20  minutes I  71. 0 

0-30  minutes » '  66. 4 

0-50  minutes '  63.0 

20-40  minutes I  69. 0 

40-50  minutes 55.0 

J 

These  results  seem  to  be  identical  with  those  obtained  in  1904. 

The  average  specific  opacity  (77  gallons  a  minute)  as  determined  in 
1904  indicates  that  the  maximum  yield  of  the  well,  if  the  water  in  the 
well  be  lowered  8  feet,  is  615  gallons  a  minute.  The  pumps  in  use  iit 
present  can  not  pump  much  more  than  half  of  this  amount  of  water  on 
account  of  the  worn  condition  of  pistons  and  cylinders. 

The  total  percolating  surface  of  the  well  bottom  and  strainer  of  the 
feeder  is  247  square  feet.  From  this  it  can  be  deduced  that  the  spe- 
cific capacity  of  the  well  is  0.31  gallon  a  minute  per  square  foot  of 
percolating  surface. 

aSlichter,  C.  8.,  The  motions  of  underground  waters:  Water-Sup.  and  Irr.  Paper  No,  67,  U.  8.  Geol. 
Surrey,  1902,  p.  68. 
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TEST  OF  HOLCOMB'S  PUMPING  PLANT. 

A  very  important  attempt  to  recover  water  from  the  underflow  was 
begun  in  the  19()4  season  by  the  owners  of  the  Riverside  stock  ranch, 
about  7  miles  west  of  Garden,  Kans.  A  well  200  feet  long  and  5  feet 
wide,  excavated  to  a  depth  of  9  to  10  feet  below  the  water  plane  was 
constructed  of  sheet  piling,  and  1 1  galvanized-iron  feeders  were  inserted 
in  the  bottom  of  the  wells  to  a  depth  of  about  20  feet.  A  75-horsc- 
power  Corliss  engine  with  condenser,  a  90-horsepower  boiler,  and  a 
No.  15  B^'ron- Jackson  centrifugal  pump  were  put  in  position  at  the 
north  end  of  the  well.  Foundations  for  the  engine  and  pump  and 
buildings  to  cover  the  machinery  were  constructed  in  a  very  substan- 
tial manner.  As  soon  as  the  engine  and  pump  are  in  satisfactory 
working  order  it  is  purposed  to  sink  a  large  number  of  additional 
feeders  in  the  bottom  of  the  well  in  the  expectation  of  increasing  it$ 
capacity  to  6,000  gallons  per  minute.  The  approximate  cost  of  the 
plant  is  about  $S,0(X)  for  machinery  and  $4r,0(>0  for  the  well.  Trinidad 
slack  coal  is  used  for  fuel  at  a  cost  of  $4  to  $4.50  per  ton. 

The  construction  of  this  pumping  plant  has  attracted  very  wide 
attention  and  if  it  proves  to  be  a  success  it  will  mean  a  great  deal  for 
the  progress  of  irrigation  in  the  bottom  lands  of  Arkansas  Valley. 
There  is  some  question  whether  6,000  gallons  per  minute  can  be 
obtained  from  the  present  well,  even  with  a  very  large  number  of  addi- 
tional feeders,  but  it  will  be  entirely  practicable  to  increase  the  length 
of  the  well  without  very  much  additional  expense.  The  present  well, 
with  ten  20-foot  feeders,  16  inches  in  diameter,  would  furnish  about 
6,000  gallons  per  minute,  if  we  can  rely  upon  a  specific  capacity  of 
one-third  gallon  per  minute  for  each  square  foot  of  strainer.  This 
would  require,  however,  the  lowering  of  the  natural  level  of  the  water 
to  a  distance  of  10  feet,  which  is  somewhat  more  than  would  be  best 
for  the  most  economical  running  of  the  plant.  ** 

Both  suction  and  discharge  pipe  of  the  centrifugal  pump  are  made 
of  No.  16  galvanized  iron,  riveted  and  soldered.  A  20-inch  flap  valve 
is  placed  at  the  upi>er  end  of  the  discharge  pipe,  dispensing  with  the 
use  of  a  foot  valve.  The  pump  is  primed  before  starting  by  opening 
a  1-inch  valve  in  a  lead  pipe  from  the  main  pump  to  the  air  pump. 
When  the  proper  vacuum  is  shown  by  the  gage  the  1-inch  valve  is 
closed  and  the  engine  started. 

A  test  run  of  the  plant  was  made  for  five  days,  from  July  18  to  23, 
1905.  The  engine  was  started  at  the  lowest  speed  at  which  it  would 
work  the  pump  satisfactorily.  After  running  at  this  rate  for  forty- 
eight  houi*s  the  speed  was  increased  until  nearly  the  full  capacity  of 
the  well  had  been  reached. 

The  amount  of  water  pumped  during  the  test  averaged  about  2,300 
gallons  a  minute,  or  5  cubic  feet  of  water  a  second.     This  is  equivalent 

a  Actual  tCHt  ol  the  plaDtsbows  that  this  amount  of  water  can  not  be  recovered  without  extendiiiy 
the  well. 
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to  a  daily  discharge  of  10  acre-feet,  or  a  sufficient  amount  of  water  to 
cover  10  acres  of  land  1  foot  deep.  As  is  well  known,  the  present  well 
is  not  sufficiently  large  to  supply  the  pump  and  engine  with  all  of  the 
water  that  they  are  designed  to  handle;  in  fact,  the  pump  and  engine 
are  capable  of  handling  three  times  the  amount  of  water  at  present 
available  for  long-continued  runs.  It  is  expected  that  by  clearing  out 
the  feeders  at  present  in  the  well,  and  by  enlarging  the  well,  the 
capacity  of  the  plant  will  be  greatly  increased;  but  even  at  the  present 
low  rate  of  delivery,  and  consequent  rather  low  efficiency  of  the 
machinery,  the  cost  of  water  delivered  is  comparatively  low. 

The  average  amount  of  coal  consumed  was  2,450  pounds  per  twenty- 
four  hours,  or  about  li  tons  per  day.  At  $4  a  ton  the  daily  cost  of 
coal  was  $5  per  twenty -four  hours.  The  cost  of  labor  for  the  day  and 
night  man,  each  at  $1.25  per  day,  makes  the  cost  for  coal  and  labor 
$7.50  per  twenty-four  hours.  The  cost  of  lubricating  oil  and  miscel- 
laneous supplies  may  be  estimated  at  $1  a  day,  making  a  total  cost  of 
$8.50  per  twenty-four  hours.  At  this  rate  the  cost  of  water  was  85 
cents  per  acre-foot,  not  including  interest  on  the  plant  nor  any  allow- 
ance for  depreciation  and  repairs  on  the  machinery  and  well.  If  these 
latter  items  be  included,  the  cost  of  water  would  l)e  very  materially 
increased. 

It  seems,  however,  unfair  to  estimate  these  charges  at  the  present 
time,  as  the  expense  of  erecting  the  plant  was  incurred  on  the  basis  of 
securing  a  very  considerably  larger  amount  of  water  than  is  at  present 
delivered;  for  that  reason  the  interest  charges  would  be  very  high,  if 
charged  against  the  present  amount.  It  seems  very  probable  that  if 
the  supply  of  water  from  the  well  is  sufficiently  incre^ased  the  plant 
will  ultimately  be  capable  of  delivering  water  into  the  ditch  at  a  cost 
not  to  exceed  $1  per  acre-foot,  including  a  moderate  charge  for  interest 
and  depreciation  on  machinery,  but  not  including  any  profit. 

The  following  tables  show  the  fuel  consumed  and  the  data  obtained 
during  the  test.  The  well  was  not  of  sufficient  size  to  supply  the 
pump  with  water,  and  toward  the  end  of  the  run  difficulty  was  expe- 
rienced in  oi)erating  the  plant.  Occasionally  the  water  became  so  low 
that  air  would  be  taken  into  the  suction  pipe,  and  the  plant  would 
have  to  be  stopped  to  prime  the  pump.  In  order  to  secure  proper 
returns,  it  will  be  necessary  to  enlarge  the  well  to  about  three  times 
its  present  capacity,  otherwise  the  engine  and  pump  will  be  entirely 
too  large  for  the  well. 

IRR  153—06 6 
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Conmmption  of  coal  at  teM  of  Holcomb  pumping  plant. 

Poands. 

July  20,  6  a.  m.  to  6.30  p.  m 1,386 

July  20,  6.30  p.  m.  to  July  21,  6.20  a.  m 1,386 

July  21,  6.20  a.  m.  to  6  p.  m 1,134 

July  21,  6  p.  m.  to  July  22,  6  a.  ln.« 1,260 

July  22,  6  a.  ni.  to  6.30  p.  m 1,134 

July  22,  6.30  p.  m.  to  July  23,  6.30  a.  m.  ^ l,m 

July  23,  6.30  a.  m.  to  2.40  p.  m 832 


Date. 


July  18.. 
July  18.. 
July  18.. 
July  18.. 
July  18.. 
July  18.. 
July  18.. 
July  18.. 


7.64  a.m.. 

8a.m 

8.45a.  m.. 

9.80  a.m.. 

11.20  a.m. 

2.25  p.m.. 

4.25  p.m.. 

6p.  m 

July  19.. I  7.16a.m.. 
July  19..   9.30a.m.. 

July  20..   7  a.  m 

July 20..'  7.45a.m.. 
July  21..   6  a.  m  — 

July  21..   8  a.  m 

July 21..   8.20a.m.. 

July  22. .   7  a.  m 

July23.. do 


8,266 


Dala  of  teatt  ef  Holcomb  pumping  plant, 
[From  7.54  a.  m.,  July  18,  to  2.40  p.  m.,  July  28.] 


Hour. 


Gallon,  I  °f'»*"" 


Discharge  of  flimie.|  Depth  of 

I    water 

Cubic       Oallonn  i  *^'9.^  M^ 

feet  per 

second. 


0 
13.83 
7.42 
7.38 
6.29 
6.87 
6.32 
4.89 
4.67 
4.72 
5.30 
4.67 
6.82 
5.68 
5.80 
5.08 
5.15 


Speed  in  revolu- 
tions per  minute. 


F^et. 

0 

0 

5,980 

4.40 

8,330 

7.25 

3,310 

7.27 

2,820 

7.44 

2,680 

7.61 

2,380 

7.61 

2.190 

7.62 

2,090 

7.80 

2,110 

7.74 

2,380 

7.87 

2,090 

8.40 

2,610 

8.50 

2.540 

9.50 

2,380 

9.53 

2,250 

9.80 

2,810 

9.60 

0 
850 
344 
34A 
344 
330 
344 
844 
844 
844 
346 
352 
845 
860 
960 
857 
961 


TEST  OF  PRODUCER-GAS  PUMPING  PLANT  NEAR  ROCKY  FORD, 

COLO. 

The  future  of  irrigation  in  the  bottom  lands  of  Arkansas  Valley 
will  be  greatly  influenced  by  the  cost  of  power  for  pumping  water. 
One  of  the  possible  ways  of  cutting  down  this  cost  is  by  the  use  of 
producer-gas  in  gas  engines,  as  mentioned  in  Chapter  V. 

A  35-horsepower  producer-gas  plant  has  been  installed  by  Mr.  A.  W. 
Shelton,  about  6  miles  northeast  of  Rocky  Ford,  C^x)lo.  It  consists  of 
a  4:0-horsepower  Pintsch  suction  gas  producer,  a  35-horsepower  single- 
cylinder  gas  engine,  and  a  12-inch  Byron-Jackson  vertical-shaft  cen- 
trifugal pump.  The  water  is  pumped  from  a  canal  through  15-inch 
concrete  tile  (200  feet  of  intake  and  300  feet  of  discharge)  to  an  eleva- 


o  stopped  85  minutes. 


^  Stopped  86  minute9. 
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tion  of  16  feet  above  the  level  of  the  water  in  the  canal,  called  the  first 
discharge,  and  at  another  point  to  an  elevation  of  28  feet  above  the 
level  of  the  water  in  the  canal,  called  the  second  discharge. 

A  test  was  made  of  this  plant,  extending  from  December  2  to  6, 
1905.  The  results  of  the  test  of  the  engine  and  producer-gas  appara- 
tus are  given  herewitii.  Unfortunately  the  cement-discharge  pipe 
gave  out  when  the  plant  was  first  started,  so  that  water  could  not  be 
pumped  during  the  test,  and  the  hydraulic  data  for  this  plant  are 
therefore  not  available. 

In  connection  with  the  generation  of  the  gas  a  vaporizer,  scrubber, 
and  purifier  are  used.  Water  is  evaporated  at  atmospheric  pressure 
to  generate  the  steam  required  in  the  producer.  The  vaporizer  is 
located  directly  on  top  of  the  producer.  The  scrubber  is  of  the  form 
in  which  a  spray  of  water  trickles  down  through  coke,  the  water  run- 
ning out  at  the  bottom  of  the  scrubber.  After  being  scrubbed  the 
gas  passes  through  a  purifier  box,  next  through  a  gas  governor,  and 
then  to  the  engine. 

The  engine  used  was  one  of  the  Olds  gasoline  type,  somewhat  modi- 
fied for  the  use  of  producer-gas.  The  engine  governor  was  not  the 
one  belonging  to  the  engine. 

A  belt  was  connected  from  a  30-inch  pulley  on  the  engine  to  a  pulley 
on  the  vertical  shaft  of  the  centrifugal  pump.  A  clutch  at  the  engine 
shaft  allowed  the  pump  to  be  disconnected  at  will. 

A  small  pulley,  fastened  to  the  shaft  opposite  the  pulley  end,  carried 
a  belt  which  drove  a  3  by  5  inch  "Baker"  feed- water  pump.  This 
pump,  making  about  45  revolutions  a  minute,  drew  water  from  the 
well  and  discharged  it  into  a  3  by  8  feet  by  30  inches  storage  tahk 
near  the  roof  of  the  building  and  above  the  producer.  A  pipe  leading 
from  the  bottom  of  this  tank  furnished  all  the  water  used  to  operate 
the  plant,  viz,  water  for  the  engine  jacket,  steam,  and  scrubber. 
During  the  brake  tests  it  also  supplied  cooling  water  for  the  brake. 
The  water,  after  being  used,  passed  through  the  seals  and  then  into 
the  well  from  which  it  was  drawn. 


PreLiminary  brake  tests  of  gas  engine  at  pumping  plant  of  A.W.  SheUon^  near  Rocky  Ford^ 

Colo.,  December  4,  1905, 


Maxi-        Maxi- 

1 

Mean  ef- 

1 

mum         mum 

fective 

Mechan- 

pressure    pressure 

Net 

revolu- 
tions per 
minutp 

Explo- 

pressure, 

Brake 

Indicat-    icaleffl-   of  explo-    of  corn- 

Test. 

load,  in 

sions  per  lin  pounds 

horse- 

ed horse-     ciency   i  sion.  in 

pression, 
in  pounds 

poundfl 

minute.  '      per 

power. 

power.   [     (per     I  pounds 

1   Muare 

!    cent).    1      per 

per 

1    inch. 

1  square 

square 

44.0 

1                 1     inch. 

inch. 

1 

151 

199 

99.6 

26.7 

84.0 

78.5             226 

140 

2 

160 

200 

100.0  1         45.6 

80.0 

35.4 

84.9 

235 

183 

3 

174 

199 

99.5  1         50.0 

1 

80.7 

38.7  '         79.4 

285 

148 
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Diameter  of  piston 14  inches. 

Length  of  stroke 20  inches. 

Length  of  brake  arm 56  inches. 

Brake  con8tant=  12x33000  ~ 000888 

Engmeconstant=y2x4^33()(^= 00//8 

Brake  hor8epower= Net  load  X Speed X     .000888 

Indicated  horsepower  = Mean  effective  pressure X  Explosions  X      •  00778 

,,    ,      .     .    ^  .  Brake  horsepower 

Mechanical  efficiency =j^^j^^^3-£^^p^^^y 

Indicator  spring,  pounds  per  square  inch, =160  for  Test  No.  1,  250  for  Test  Na  2,  and 
250  for  Test  No.  3. 

Of  the  gas  producer  a  test  of  three  hours'  duration  was  made.  The 
gas  governor  was  not  in  operation.  The  producer  was  filled  with  coal 
at  the  beginning,  as  well  as  at  the  end  of  the  run.  As  the  engine  was 
not  operating  well  the  load  had  to  be  taken  oflf  for  a  time. 

Test  of  gas  producer  at  pumping  plant  of  A,  W.  SheUoUy  near  Rocky  Fbrd,  Colo.j 

December  4,  1905. 


Time. 

P.m. 

1.35 
1.50 
2.05 
2.20 
2.85 
2.50 
8.05 
8.20 
8.85 
8.50 
4.05 
4.20 
4.85 

Av 

Total . . 

Net 
brake 
load. 

Revolu- 
tions 

per  min- 
ute. 

Explo- 
sions per 
minute. 

Temperature  °F. 

Coal. 

Ja( 

Enter- 
ing. 

;ket  wat 

Leav- 
ing. 

Range. 

Engine 
room. 

0u^ 
side 
air. 

50 
50 
49 

Pound*. 
181 
181 
181 
181 
181 
181 

Load 

204 
208 

102 
104 

45 
45 

154 
160 
166 
165 
165 
208 
206 

109 
115 

120 
120 
168 
163 

60 
60 
60 
64 
64 
64 

Amndf. 

206 
206 
206 
204 
202 

108 
108 
108 
102 
101 

45 
45 
45 
45 

4f^ 

48     

48           21 
47    ^       24 

:  I.:::::;: 

45     

44           17 
43           18 
42     

partly 
off. 

181 

1 

1 

91«     1  '         117               A^ 

181               %2D     1           110             45 

181 

45 

41 

21 

125    1          207     1          105 

45          175 

182 

62 

46 

"iM** 

! 

Summary  of  test  of  gas  producer  at  pumping  plant  of  A.  W,  Shelton,  near  Rocky  Fordy 

Colo,  y  December  4i  1905. 

Duration  of  test 3  hours. 

Net  brake  load  (maximum) 181  pounds. 

Net  brake  load  (average) 125  pounds. 

Revolutions  per  minute  (average) 207. 

Explosions  per  minute  (average) 105. 

Temperature  of  water  entering  jacket  (average) 45°  F. 

Temperature  of  water  leaving  jacket  (average) 175°  F. 

Bange  of  jacket-water  temperature 132°  F. 
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Temperature  of  engine  room  (average) 62°  F. 

Temperature  of  outside  air  (average) 46°  F. 

Total  coal  consumed 104  pounds. 

Pressure  maximum  explosion 258  pounds  per  square  inch. 

Preasure  maximum  compression 145  pounds  per  square  inch. 

Preesure,  suction  at  exit  of  producer 2  inches  water. 

Pressure,  suction  at  exit  of  scrubber 2.125  inches  water. 

Pressure,  suction  at  exit  of  purifier 2.25  inches  water. 

Pressure,  mean  effective 51.6  pounds  per  square  inch. 

Indicated  horsepower  (51.6X105X. 00778)= 42.2. 

Brake  horsepower  (maximum)  =  (  181 X207X. 000888)  =  ...33.2. 

Brake  horsepower  (average)  =  (  125 X 207 X.000888)= 22.9. 

33.2 
Mechanical  efficiency  (maximum)  ^22 ^^'^  P^"*  ^*®^^ 

22.9 
Mechanical  efficiency  (average)  th-o ^-2  per  cent. 

Pounds  of  coal  per  brake  horsepower  per  hour,  based  on 

maximum  brake  horsepower  (qv^qo/ ^'^' 

Pounds  of  coal  per  brake  horsepower  per  hour,  based  on 


average  brake  horsepower  (  o woo  6  ) ^ 


51. 


Test  of  gcu  engine  at  pumping  plant  of  A,  W.  ShelUniy  near  Rocky  Ford^  Coh.,  as  shown 

by  sample  indicator  card. 

Duration  of  test  (10  a.  m.  to  5  p.  m.) 7  hours. 

Rated  horsepower  of  engine 35. 

Weight  of  engine 11 ,000  pounds. 

Mean  effective  pressure  (average  of  54  cards) « 43.7  pounds  per  square  inch. 

Indicator  spring 160  pounds  per  square  inch. 

Load  on  brake 175  pounds. 

Revolutions  per  minute 201.6. 

Explosions  per  minute 100.8. 

Brake  horsepower  (1 75 X201.6X. 000888) 31.4. 

Indicated  horsepower  (43. 7 X 100. 8 X. 00778) 34.3. 

Mechanical  efficiencyf  ^^  J  « 91.5  per  cent 

Kind  of  producer Pintsch. 

Producer  rated  horsepower 40. 

Temperature  of  water  entering  jacket 49. 8°  F. 

Temperature  of  water  leaving  jacket 165.8°  F. 

Range  of  jacket-water  temperature 1 16°  F. 

Temperature  of  outside  air 46.8°  F. 

Temperature  of  engine  room 72.0°  F. 

Pressure  of  maximum  explosion 260  pounds  per  square  inch. 

Pressure  of  maximum  compression 150  pounds  per  square  inch. 

Pressure  of  maximum  steam Atmospheric. 

Pressure  of  maximum  suction  at  producer  exit 2.2  inches  water. 

Pressure  of  maximum  suction  at  scrubber  exit 2.2  inches  water. 

Pressure  of  maximum  suction  at  purifier  exit 2.4  inches  water. 

a  The  high  mechanical  efficiency  is  probably  tluc  U)  an  error  in  the  indicated  horsepower.  The 
mean  effective  presrare  appears  to  be  too  low.  The  reducing  motion  used  was  made  of  wood  and  had 
become  considerably  worn  when  this  test  was  made. 
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Dala  concerning  coal  used  in  test  of  producer-gat  pumping  plant  of  A.  W.  Shdfon,  near 

Bocky  Ford,  Cdo, 

Kind Colorado  anthnuute,  Floreeta  mine. 

Cost  at  plant  per  ton $6. 

Size Pea. 

Total  quantity  fired 326  pounds. 

Total  refuse  (clinkers,  ash,  and  unburned  coal) .  66  pounds. 

Total  clinkers 6  pounds. 

Total  unburned  coal 43  pounds. 

Total  ash  (sif tings)  18  pounds. 

Calorific  value  of  coal  per  pound 13,850  B.  T.  U. 

Pounds  of  coal  per  brake  horsepower  per  hour, 
as  fired  and  uncorrected  for  unburned  coal  in 

(325    \ 
Txki) i'^- 

Pounds  of  coal  per  brake  horsepower  per  hour 
(corrected  for  unburned  coal  in  refuse) 1. 24. 

Approximate  analym  of  coal  used  at  producer-gas  pumping  plant  of  A,  W.  Sh^ton,  near 

Rocky  fbrdf  Colo. 

Perceot 

Moisture 2.2 

Volatile  matter 7. 6 

Fixed  carbon 83.8 

Ash 6.4 

Water  used  per  hour  in  producer-gas  pumping  plant  of  A.  W,  SheUon,  near  Rocky  Forrf, 

Colo. 

Pounds. 

By  jacket 1,200 

By  brake 930 

By  scrubber  (approximately) 1, 300 

By  vaporizer 16 

Efficiencies  at  various  loads  of  producer  gas  pumping  plant  of  A.  W.  SheUon,  neerr  Rocky 
Ford,  Colo.;  test  of  December  6,  1906. 


Time. 

Net 
brake 
load 

(lbs.). 

Revo- 
lutions 
per 
min- 
ute. 

Explo- 
sions 
per 
min- 
ute. 

Tei 

Jacket  water 

Mean 
effective 
pressure 
(pounds 

per 
square 
Inch). 

Indl- 
cated 
horse- 
power. 

ill 

! 

Meeban* 

npe  natures. 

Pounds 
per 
hour. 

ical  effi- 
ciency 

Inlet. 

Out- 
let. 

Range. 

(per 
cent). 

9.50 

27 

205 

45.0 

44 

104 

60 

1,260 

44.1 

16.4 

4.9 

».o 

10.13 

50 

203 

52.2 

44 

107 

63 

1,670 

41.1 

17.9 

9.0 

60.2 

10.42 

75 

203 

59.4 

42 

112 

70 

1,800 

44.9 

20.7 

13.5 

65.2 

11.06 

100 

203 

69.3 

42 

117 

75 

1,840 

44.1 

23.8 

18.0 

75.6 

11.30 

126 

208 

83.0 

42 

126 

84 

1,340 

48.7 

28.2 

22.5 

79.8 

12.25 

150 

199 

96.0 

42 

186 

94 

1,670 

42.4 

81.6 

26.5 

8S.8 

1.18 
1.40 
2.00 

175 

200 

215 

a225 

201 

189 
178 

100.6 
96.0 
89.0 

42 
42 
42 

145 
140 
148 

103 
98 
106 

1,570 
1,670 

39.9 
89.9 
41.3 

81.2 
29.6 
28.6 

81.2 
S3. 6 
SS.9 

a£nKine  would  not  carry  load. 
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AnalygU  of  gas  from  gas  producer  at  pumping  plant  of  A.  W.  SMton^  near  Rocky  Ford, 

Colo. 


Percent. 


B.T.U. 
'  100  cubic 
feet  of  gas 


at  60° 


3^ 


COa [  6.3  . 

O 1.0  . 

CO 23.2 

CH4 0.0  1. 

H 18.6 

N i  50.9  . 


7,613 
6,107 


100 


18.620 


It  will  be  observed  from  the  results  obtained  in  the  test  that  1.24 
pounds  of  coal  per  hour  produced  1  brake  horsepower.  At  $6  a  ton 
the  cost  of  fuel  was  therefore  three-eighths  of  a  cent  per  brake-horse- 
power hour.  At  this  rate  power  was  obtained  at  a  cost  for  fuel 
equivalent  to  gasoline  at  3  cents  per  gallon.  One-half  cent  per  brake- 
horsepower  hour  for  labor  and  five-eighths  cent  per  brake-horse- 
power hour  for  supplies,  depreciation,  and  repairs  should  cover  all 
other  charges.  The  total  cost  of  power  should  not  exceed,  there- 
fore, li  cents  per  brake-horsepower  hour,  or  about  $4.50  per  day  of 
ten  hours,  for  the  present  plant.  In  this  length  of  time  the  plant 
should  furnish  about  8  acre-feet  of  water  on  the  16-foot  lift,  or  at  a 
cost  of  about  68  cents  per  acre-foot. 

The  first  cost  of  the  pumping  plant  in  round  numbers,  was  $3,300 
for  the  producer,  engine,  and  pump;  $200  for  the  building,  and  $1,500 
for  the  intake  and  discharge  pipe  and  flumes. 
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Alkalinity,  measurements  of 45-47 

Analy^s  of  ground  water 45-47, 4^50 

Arkansas   River,   cross  section  of,   figure 

showing 23 

njuTows  of,  measurements  at 22-24 

valley  of,  topography  of 7 

wells  in,  water  of,  quality  of 4^-50 

water  of,  gain  and  loss  of 31,41^2 

height  of 28-43 

figures  showing 29,32,38,43,52 

water  of,  temperature  of 12 

Barometric   pressure,    relations   of   water 

table  and 32-34 

relations   of   water   tabic   and,   figure 

showing 33 

Bear  Creek,  character  of 20 

water  from 21 .  53-54 

Catchment  area,  location  of 5 

Clear  Lake,  Kans.,  character  of 18-19 

location  of 18 

map  of  vicinity  of 19 

underflow  stations  at,  measurements  at.  20-21 

water  supply  from 18, 21 

Colorado,  coal  from,  use  of,  for  fuel 6 

origin  of  ground  water  in 51 

Deerfield,  Kans.,  evaporation  at 43-44 

ground  water  at,  fluctuations  of. . .  31,42-44,54 

rainfall  at 44 

river  at,  height  of,  figure  showing 53 

underflow  at,  analyses  of 47 

underflow  stations  at,  location  of,  map 

showing 17 

measurements  at 16 

Diesem,  I.  L.,  pumping  plant  of,  data  on. . .  5.5-65 

Dodge,  Kans.,  rainfall  at 54 

sand  hills  near 7 

Evaporation,  measurements  of 43-44 

Field  work,  character  and  extent  of 5,7 

Floods,  influence  of,  on  ground  water  ...  5, 11-12, 

14,28-34,39-10 

source  of 63 

Fulmer,  Nathan,  pumping  plant  of,  cost 

of 70 

pumping  plant  of,  data  on 55-56,68 

tests  of 67-70 

well  of,  character -of 57,67-68 

rlao  of  water  in,  figure  showing 69 

Garden,  Kans.,  cross  section  near,  figure 

showing 11 

gravel  near,  character  of 10-11 

ground  water  at,  fluctuations  of 26-30, 54 

rafafall  at 30, 38-^9, 54 

figures  showing 52, 53 
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Garden,  Kans.,  rock  under,  depth  to 51 

run-off  at 6 

underflow  near 6 

analyses  of 45-46 

solids  in,  figure  showing 11 

underflow  stations  near,  location  of, 

map  showing 9 

measurements  at 7-13 

waterworks  of,  pumping  plant  of,  data 

on 55-56,76 

pumping  plant  of,  tests  of  1 76-79 

well  of,  character  of 76, 79 

rise  of  water  In,  figures  showing 77, 78 

Gasoline,  use  of,  for  fuel . . .  6, 55, 57, 63, 65-67, 60, 72 

Gas-producer  plant,  test  of 84-87 

use  of 6, 57-58 

Gravels,  character  of 10-11, 13 

depth  of 51,56 

Ground  water.    See  Underflow. 
Hartland,  Kans.,  underflow  stations  near, 

location  of,  map  showing 22 

underflow  stations  near,  measurements 

at 20-21,24 

Hedge,  H.  K.,  aid  of 18 

High  Plains,  character  of 62 

Holcomb,  H.  B.,  pumping  plant  of,  cost  of.. .  80-«l 

pumping  plant  of,  data  on SS-W.  80 

tests  of 80-82 

well  of,  character  of 80 

Johnson,  W.  D.,  on  ponds  on  High  Plains. .        20 

Kansas  oil,  use  of,  for  fuel 6,57 

King  Brothers,  pumping  plant  of,  cost  of . .        76 

pumping  plant  of,  data  on 65-56, 73 

tests  of 73-76 

well  of,  character  of 73-74 

rise  of  water  in,  figure  showing 75 

Kipp,  H.  S.,  pumping  plant  of,  data  on 65-56 

Lakin,  Kans.,  pumping  plant  near 70 

Logan,    D.   H.,   pumping   plant   of,   data 

on 65-56,69-60 

pumping  plant  of,  tests  of 59-62 

well  of,  character  of .57,61-62 

rise  of  water  in,  figure  showing 61 

McKInney,  J.  R.,  pumping  plant  of,  data  on.  66-56 

Owen,  Ray,  work  of 5 

Pro<lucer  gas.    See  Gas-producing  engines. 

Pumping,  cost  of 57-58, 60,  ft3, 65-«7, 60, 72, 87 

Pumping  plants,  power  for 6 

tests  of,  details  of 59-87 

summary  of 55-^58 

See  also  individual  plants. 

Rainfall,  amount  of 25-26,54 

effect  of 5,28-30,34 
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Richter,  Mrs.  M.,  pumping  plant  of,  data 

on 55-56, 62, 65 

pumping  plant  o?,  tests  of 62-65 

well  of,  character  of 57-4J2 

fluctuations  in 26, 34 

rise  of  water  in,  figure  showing 64 

Rocky  Ford,  Colo.,  producer-gas  pumping 
plant  near.  Sre  Shelton,  A.  W., 
pumping  plant  of. 

Root,  J.  N.,  pumping  plant  of,  cost  of 73 

pumping  plant  of,  daU  on 55-56, 70 

tests  of 70-73 

well  of,  character  of 57, 70-71 

rise  of  water  in,  figure  showing 72 

Rim-off,  absence  of 6,54 

Sand  hills,  catchment  area  in 5, 16, 51, 54 

location  of 7 

wells  on,  water  of,  quality  of 49 

Sexton,  C.  E.,  pumping  plant  of<  data  on.  55,56,65 

pumping  plant  ol,  tests  (rt 65-67 

well  of,  character  o! 57, 65-67 

Shelton,  A.  W.,  pumping  plant   of,  data 

on 82-84 

pumping  plant  or,   gas  from,  analysis 

of 87 

tests  of 82-87 

Sherlock,  Kans.,  cross  section  near,  figure 

showing 15 

ground  water  at,  fluctuations  of. .  31,33,35-42 
fluctuations  of.  figures  showing ....  38, 40 

rainfall  at 38-39 

underflow  at,  analyses  of 46 

underflow  stations  at,  location  of,  map 

showing . 14 

measurements  at 13 
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Sherlock  Bridge,  water  at,  height  of,  flgun? 

showing 52 

Silt,  occurrenceof 10 

Smith,  L.  E.,  pumping  plant  of,  data  on . . .  ."i^-se 

Specific  capacity  of  wells 56-57 

Temperatures,  relative,  of  ground  and  river 

water 12 

Underflow,  analyses  of 45-17, 4»-50 

chemical  composition  of 45-30 

variationain :....  5,12-13,16 

conclusions  concerning 5-6 

direction  of 10, 11, 13, 15-1«,21,24 

extent  of 5,51 

influence  of  floods  on. . .  5,11-12,14,28-34,39-40 

influence  of  rains  on 5,28-30,34 

level  of,  figure  showing 29 

fluctuations  of 25-44 

solids  in,  amount  of 5,45-50 

variation  In 5,47-48 

flgureshowing 47 

source  of 51^ 

temperature  of 12 

velocity  of 5, 10, 13, 16-17, 21, 24,54 

Water  plane,  map  of,  figure  showhig 8 

slope  of 5-7 

figure  showing 11 

Wells,  character  of 5fr-57 

specific  capacity  of 5&-S: 

water  of,  quality  of 49^ 

yield  of 6 

See  also  individual  pumping  plant*. 

White  Woman  Creek,  flow  of 53^ 

Whitney  electrolytic  bridge,  use  of 45 

use  of,  results  of,  figure  showing 47 

Wolff,  H.  C,  work  of 5,26 
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CUSSinCATION  OP  THE  PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Water-supply  Paper  No.  158.] 

The  serial  pnblications  of  the  United  States  Geological  Survey  consist  of  (1 )  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United  States- 
folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the 
others  are  distributed  free.    A  circular  giving  complete  lists  may  be  had  on  application. 

Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  delivered  to  Senators  and  Representatives  in  Congress 
for  distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  prices  slightly  above  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
sulted by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 
This  paper  is  the  twelfth  in  Series  K  and  the  fiftieth  in  Series  0,  the  complete  lists 
of  which  follow  (PP=Professional  Paper;  B=Bulletin;  WS=Water-Supply  Paper): 

SERIES  K,  PUMPING  WATER. 

WS     1.  Pnmping  water  for  irrigation,  by  H.  M.  Wilson.    1896.    57  pp..  9  pis.    (Out  of  stock.) 

WS     8.  Windmills  for  irrigation,  by  E.  C.  Murphy.    18W.    49  pp.,  8  pis.    (Out  of  stock.) 

WS   14.  New  tests  of  certain  pumps  and  water  lifts  used  in  irrigation,  by  O.  P.  Hood.    1898.    91  pp., 

Ipl.    (Out  of  stock.) 
WS  20.  Experiments  with  windmills,  by  T.  O.  Perry.    1899.    97  pp.,  12  pis.    (Out  of  stock.) 
WS   29.  Wells  and  windmills  in  Nebraska,  by  E.  H.  Barbour.    1899.    85  pp.,  27  pis.    (Out  of  stock.) 
WS  41.  The  windmill;  its  efficiency  and  economic  use,  Pt.  I,  by  E.  C.  Murphy.    1901.    72  pp.,  14  pis. 

(Out  of  stock.) 
WS  42.  The  windmill,  Pt.  II  (continuation  of  No.  41).    1901.    78-147 pp.,  15-16  pis.    (Out  of  stock.) 
WS  91.  Natural  features  and  economic  development  of  Sandusky,  Maumee,  Muskingum,  and  Miami 

drainage  areas  in  Ohio,  by  B.  H.  Flynn  and  M.  S.  Flynn.    1904.    130  pp. 
WS  117.  The  lignite  of  North  Dakota  and  its  relation  to  irrigation,  by  F.  A.  Wilder.    1905.    59  pp., 

8  pis. 
WS  136.  Underground  waters  of  Salt  River  Valley,  Arizona,  by  W.  T.  Lee.    1905.    196  pp..  23  pis. 
WS  141.  Observations  on  the  ground  waters  of  the  Rio  Grande  Valley,  1904,  by  C.  S.  Slichter.    1906. 

83  pp.,  5  pis. 
WS  158.  The  underflow  in  Arkansas  Valley  in  western  Kansas,  by  C.  S.  Slichter.    1906.    90  pp.,  8  pis. 

SERIES  O,  UNDERGROUND  WATERS. 

WS     4.  A  reconnaissance  in  southeastern  Washington,  by  I.  C.  Russell.    1897.    96  pp.,  7  pis.    (Out 

of  stock.) 
WS     6.  Underground  waters  of  southwestern  Kansas,  by  Erasmus  Ha  worth.    1897.    66  pp.,  12  pis. 

(Out  of  stock.) 
WS     7.  Seepage  waters  of  northern  Utah,  by  Samuel  Fortier.    1897.    50  pp.,  3  pis.    (Out  of  stock.) 
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WS  12.  Underground  waters  of  southeastern  Nebraska,  by  N.  H.  Darton.    1896.    56  pp.,  21  pis.    (Oat 

of  stock.) 
WS  21.  Wells  of  northern  Indiana,  by  Frank  Leverett.    1899.    ft2  pp.,  2  pis.    (Out  of  stock.) 
WS  2«.  Wells  of  southern  Indiana  (continuation  of  No.  21).  by  Frank  Leveiett.    1899.    64  pp.   (Oat 

of  stock.) 
WS  30.  Water  resources  of  the  Lower  Peninsula  of  Michigan,  by  A.  C.  Ti— fi     1899.    97  pp..  7  pis. 

(Out  of  stock.) 
WS  81.  Lower  Michigan  mineral  waters,  by  A.  C.  Lane.    1899.    97  pp.,  4  pis.    (Out  of  stock.) 
WS  84.  Geology  and  water  resources  of  a  portion  of  southeastern  South  Dalmta,  by  J.  E.  Todd.    1900. 

84  pp.,  19  pis. 
WS  63.  Qeology  and  water  resources  of  Nes  Perces  County,  Idaho,  Pt.  I,  by  I.  C.  Russell.    190L   86 

pp.,  10  pis.    (Out  of  stock.) 
WS  54.  Geology  and  water  resources  of  Nes  Perces  County,  Idaho,  Pt.  II,  by  I.  C.  Russell.    1901. 

87-141  pp.    (Out  of  stock. ) 
WS  65.  Geology  and  water  resources  of  a  portion  of  Yakima  County.  Wash.,  by  O.  O.  Smith.    1901. 

68  pp.,  7  pis.    (Out  of  stock.) 
WS    67.  Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  I,  by  N.  H.  Darton.    1902.    00  pp. 

(Out  of  stock.) 
WS  69.  Development  and  application  of  water  in  southern  California,  Pt.  I,  by  J.  B.  Lippincott, 

1902.    95  pp.,  11  pis.    (Out  of  stock.) 
WS  60.  Development  and  application  of  water  in  southern  California,  Pt.  II,  by  J.  B.  Lippincott, 

1902.    96-140  pp.    (Out  of  stock.) 
WS  61.  Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  II,  by  N.  H.  Darton.    1902.    67  pp. 

(Out  of  stock.) 
WS  67.  The  motions  of  underground  waters,  by  C.  S.  Slichter.    1902.    106  pp.,  8  pis.    (Out  of  stock.) 
B     199.  Geology  and  water  resources  of  the  Snake  River  Plains  of  Idaho,  by  I.  C.  Russell.    1902.   192 

pp.,  25  pis. 
WS  77.  Water  resources  of  Molokai,  Hawaiian  Islands,  by  W.  Lindgren.    1908.    62  pp.,  4  pis. 
WS  78.  Preliminary  report  on  artesian  basins  in  southwestern  Idaho  and  southeastern  Oregon,  by  I.  C. 

RusseU.    1908.    53  pp.,  2  pis. 
PP    17.  Preliminary  report  on  the  geology  and  water  resources  of  Nebraska  west  of  the  one  hundred 

and  third  meridian,  by  N.  H.  Darton.    1908.    69  pp.,  43  pis. 
WS  90.  Geology  and  water  resources  of  a  part  of  the  lower  James  River  Valley.  South  Dakota,  by  J.  E. 

Todd  and  C.  M.  Hall.    1904.    47  pp.,  23  pis. 
WS  101.  Underground  waters  of  southern  Louisiana,  by  G.  D.  Harris,  with  discussions  of  their  uses  for 

water  supplies  and  for  rice  irrigation,  by  M.  L.  Fuller.    1904.    96  pp.,  11  pis. 
WS  102.  Contributions  to  the  hydrology  of  eastern  United  States,  1908,  by  M.  L.  Fuller.    190L    522  pp. 
WS  104.  Underground  waters  of  Gila  Valley,  Arizona,  by  W.  T.  Lee.    1904.    71  pp..  5  pis. 
WS  106.  Water  resources  of  the  Philadelphia  district,  by  Florence  Bascom.    1904.    75  pp.,  4  pis. 
WS  110.  Contributions  to  the  hydrology  of  eastern  United  States,  1904;  M.  L.  Fuller,  geologist  in 

charge.    1904.    211  pp.,  5  pis. 
PP    82.  Geology  and  underground  water  resources  of  the  central  Great  Plains,  by  N.  H.  Darton.   1905. 

433  pp..  72  pis     (Out  of  stock.) 
WS  HI.  Preliminary  report  on  underground  waters  of  Washington,  by  Henry  Landes.    1901   85  pp., 

ipl. 
WS112.  Underflow  tests  in  the  drainage  basin  of  Los  Angeles  River,  by  Homer  Hamlin.   1904. 

55  pp.,  7  pis. 
WS114.  Underground  waters  of  eastern  United  States;  M.  L.  Fuller,  geologist  in  charge.    190i 

285  pp..  18  pis. 
WS  118.  Geology  and  water  resources  of  east-central  Washington,  by  F.  C.  Calkins.    190b.   96  pp., 

4  pis. 
B    252.  Preliminary  report  on  the  geology  and  water  resources  of  central  Oregon,  by  I.  C.  RusGell. 

1905.    138  pp.,  24  pis. 
WS  120.  Bibliographic  review  and  index  of  papers  relating  to  underground  watere  published  by  the 

United  States  Geological  Survey,  1879-1904.  by  M.  L.  Fuller.  1905.  128  pp. 
WS  122.  Relation  of  the  law  to  underground  waters,  by  D.  W.  Johnson.  1905.  55  pp. 
WS  123.  Geology  and  underground  water  conditions  of  the  Jornada  del  Muerto,  New  Mexico,  by  C.  R. 

Keyes.    1905.    42  pp..  9  pis. 
WS  186.  Underground  waters  of  Salt  River  Valley,  Arizona,  by  W.  T.  Lee.    1905.    196  pp.,  24  pis. 
B.    264.  Record  of  deep-well  drilling  for  1904,  by  M.  L.  Fuller,  E.  F.  Lines,  and  A.  C.  Veatch..  1905. 

106  pp. 
PP    44.  Underground  water  resources  of  Long  Island.  New  York,  by  A.  C.  Veatch,  C.  8.  Slichter, 

Isaiah  Bowman.  W.  O.  Crosby,  and  R.  £.  Horton.    1906.    394  pp.,  34  pis. 
WS  137.  Development  of  underground  waters  in  the  eastern  coastal  plain  region  of  southern  CtH* 

fomia,  by  W.  C.  Mendenhall.    1905.    140  pp..  7  pis. 
WS  138.  Development  of  underground  waters  in  the  central  coastal  plain  region  of  southern  CsU- 

fomia,  by  W.  C.  Mendenhall.    1905.    162  pp.,  5  pis. 
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W8 139.  Development  of  undergfiound  waters  in  the  western  coastal  plain  region  of  southern  Cali- 
fornia, by  W.  C.  Mendenhall.    1906.    106  pp.,  7  pis. 

WS 140.  Field  measurements  of  the  rate  of  movement  of  underground  waters,  by  C.  8.  Slichter.  1906. 
122  pp.,  16  pis. 

WS 141.  Observations  on  the  ground  waters  of  the  Rio  Grande  Valley,  1904,  by  C.  S.  Slichter.    1906. 

WS 142.  HydrolcnF  of  San  Bernardino  Valley.  California,  by  W.  C.  Mendenhall.    1906.    124  pp..  13  pis. 
WS 145.  Contribntions  to  the  hydrology  of  eastern  United  States;  M.  L.  Fuller,  geologist  in  charge. 

1906.    a»pp.,  6pls. 
WS  148.  Geology  and  water  resources  of  Oklahoma,  by  C.  N.  Gould.    1906.    178  pp.,  22  pis. 
WS  149.  Preliminary  list  of  deep  borings  in  the  United  States.    Second  edition,  with  additions,  by 

N.  H.  Darton.    1906.    175  pp. 
PP    46.  Geology  and  underground  water  resources  of  northern  Louisiana  and  southern  Arkansas,  by 

A.C.  Veatch.  1906.  — pp..  61  pis. 
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GEOLOGY  AND  WATER  RESOURCES  OF  THE  EASTERN 
PORTION  OF  THE  PANHANDLE  OF  TEXAS. 


By  Charles  N.  Gould. 


INTRODUCTION. 

Area  covered, — The  area  described  in  this  report  lies  in  the  north- 
eastern part  of  the  Texas  Panhandle,  and  includes  the  following  12 
counties:  Lipscomb,  Ochiltree,  Hansford,  Hutchinson,  Roberts, 
Hemphill,  WTieeler,  Gray,  Carson,  Armstrong,  Donley,  and  Collings- 
worth, each  of  which  is  approximately  30  miles  square.  It  is  an  area 
90  miles  east  and  west  and  120  miles  north  and  south,  situated  south 
of  the  center  of  the  Great  Plains.  The  total  area  is  approximately 
10,800  square  miles.  It  extends  from  100"*  to  101°  35'  west  longitude 
and  from  34°  \W  to  36°  30'  north  latitude.  On  the  north  and  east 
it  is  adjoined  by  Oklahoma. 

Sources  of  data.^—T\iQ  field  work  upon  which  this  report  is  based 
was  done  during  the  years  1903  and  1904.  During  the  former  season 
little  more  was  accomplished  than  a  general  reconnaissance  in  the 
region  adjacent  to  Canadian  River,  through  Carson,  Hutchinson, 
Roberts,  and  Hemphill  counties  to  the  Oklahoma  line,  thence  south 
through  Hemphill,  \^^leeler,  and  Collingsworth  counties  as  far  as 
Elm  Fork  of  Red  River.  On  this  trip  the  writer  was  assisted  by 
Messrs.  Charles  T.  Kirk,  Chester  A.  Reeds^,  Charles  A.  Long,  and 
Pierce  Larkin,  students  in  the  University  of  Oklahoma.  During  the 
field  season  of  1904  the  writer  made  an  examination  of  the  area  to 
which  this  report  relates,  assisted  by  Prof.  E.  G.  Woodruff.  Most  of 
the  counties  were  studied  in  detail,  excepting  on  the  broader  plains 
areas,  of  which  only  a  reconnaissance  was  made.  The  well  records 
were  mostly  secured  from  farmers  and  ranchmen  by  correspondence. 
Professor  Woodruff  has  assisted  in  the  preparation  of  the  manu- 
script, "  Topography  "  and  "  Water  conditions  by  counties  "  being 
principally  his  work. 

7 


Digitized  by  VjOOQIC 


b  KA8TERN   PANHANDLE   OF   TEXAS. 

TOPOGRAPHY. 
GENERAL  FEATURES. 

The  region  here  described  lies  in  the  southern  part  of  the  Great 
Plains.  Its  general  slope  is  to  the  east,  with  only  a  slight  gradient 
to  the  south.  The  topography  is  properly  divisible  into  two  classes — 
the  High  Plains  and  the  eroded  plains — with  local  modifications  pro- 
duced by  dune  sands.  A  third  and  more  local  phase  is  found  in  the 
river  flood  plains.  The  location  is  shown  on  PI.  I,  and  the  general 
features  are  indicated  in  the  two  general  cross  sections  of  the  Great 
Plains  shown  on  PI.  II,  and  on  PI.  Ill,  which  includes  the  general 
region  of  the  High  Plains. 

HIGH  PLAINS. 

Surface  features. — The  region  here  treated  as  the  High  Plains  in- 
cludes not  only  the  northern  portion  of  the  Llano  Estacado  or  Staked 
Plains  of  Texas  and  New  Mexico,  but  also  the  high,  level  plains  in  the 
region  north  of  Canadian  River.  It  seems  probable  that  this  area 
was  once  a  great  plain  extending  far  to  the  east,  with  moderate  slope 
covered  by  the  deposits  of  the  meandering  rivers  which  were  flow- 
ing from  the  mountains  and  depositing  their  load  of  sediment.  By 
this  deposition  of  material  the  stream  beds  were  filled  and  the  water 
forced  to  a  new  channel.  By  continued  shifting  of  streams,  irregular 
layers  were  deposited  with  much  less  uniform  bedding  than  those  of 
marine  deposition.  It  is  thought  that  the  material  composing  the 
High  Plains  was  laid  down  in  this  way  upon  the  red  beds,  the  basal 
formation  in  this  region. 

In  later  times  the  High  Plains  have  been  extensively  cut  into  by 
stream  erosion,  until  at  present,  in  the  region  imder  discussion,  the 
original  level  surface  remains  only  in  those  localities  more  remote 
from  the  larger  valleys.  From  a  geological  standpoint  the  erosion  of 
the  High  Plains  has  been  rapid  and  is  still  vigorously  in  progress. 
In  the  region  comprised  in  this  report  High  Plains  constitute  por- 
tions of  the  following  counties :  Western  Lipscomb,  most  of  Ochiltree 
and  Hansford,  southwestern  Hemphill,  southern  Roberts,  northwest- 
ern Hutchinson,  western  Gray,  nearly  all  of  Carson,  and  portions  of 
Donley  and  Armstrong,  including  the  greater  part  of  the  region 
mapped  as  Tertiary  on  PI.  V,  an  area  of  approximately  4,000  square 
miles. 

In  general  the  surface  of  the  High  Plains  is  so  nearly  level  that 
railroads  require  little  or  no  grading,  and  wagon  roads  go  directly 
from  point  to  point.  With  a  surface  so  nearly  level  drainage  is 
wholly  undeveloped.  Rain  water  can  not  run  off,  but  either  evapo- 
rates or  collects  in  broad,  shallow  depressions,  known  in  some  locali- 
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TOPOGRAPHY.  9 

tieis  as  playa  lakes,  from  which  it  escapes  by  evaporation  or  seepage. 
The  evaporation  is  very  great,  but  since  the  showers  are  generally 
vigorous,  much  of  the  water  finds  its  way  into  these  flat  basins.  For 
this  reason  the  agencies  which  in  most  regions  are  carving  valleys  and 
hills  are  here  having  little  effect  upon  the  plains,  and  the  interior 
surface  level  remains  intact. 

Valleys  and  canyons. — ^There  are,  however,  upon  the  surface  of  the 
plain  a  number  of  streams  which  have  their  sources  far  in  from  the 
escarpment,  and  there  are  all  gradations  of  topographic  form  from 
the  almost  featureless  surface  of  the  High  Plains  down  through  val- 
leys and  canyons  to  the  general  escarpment  facing  the  lower  eroded 
plains. 

In  the  northern  part  of  the  Panhandle  the  High  Plains  are  being 
rapidly  dissected  by  a  number  of  small  streams,  of  which  Coldwater, 
Palo  Duro,  and  Wolf  Creeks,  tributaries  of  North  Fork  of  Canadian 
River,  are  the  most  important.  Besides  these,  the  main  Canadian, 
which  rises  in  the  mountains  of  New  Mexico  and  flows  east  across  the 
plains,  traverses  this  region  in  a  great  valley  that  is  from  5  to  20 
miles  wide  and  600  feet  deep.  Numerous  small  streams  tributary  to 
Canadian  River  are  now  cutting  back  into  the  plains  and  giving  the 
edge,  when  viewed  as  a  whole,  a  ragged  appearance. 

To  the  south  several  tributaries  of  Red  River,  particularly  North 
Fork,  Elm  Fork,  Salt  Fork,  Spillers  Creek,  and  Mulberry  Creek, 
have  their  headwaters  in  the  steep  slope  of  the  escarpment,  and  on 
account  of  the  relatively  low  level  of  the  main  stream  are  able  to  erode 
more  quickly.  The  level  surface  of  the  High  Plains  is  generally 
retained,  but  the  edges  are  being  rapidly  eroded  by  the  streams  which 
find  their  source  either  in  the  escarpment  or  on  the  plains. 

Escarprnent. — From  the  High  Plains  to  the  eroded  plains  there  is 
in  most  places  an  abrupt  descent.  The  escarpment  is  usually  steep, 
in  places  being  a  distinct  cliff,  200  to  500  feet  high  above  the  eroded 
plains,  but  ordinarily  the  descent  is  more  gradual,  occupying  a  dis- 
tance of  5  or  6  miles.  It  is  usually  a  distinct  topographic  unit,  vary- 
ing in  width  from  1  mile  along  Palo  Duro  Canyon  to  6  miles  or  more 
in  Lipscomb  County.  Along  the  larger  streams,  particularly  the 
Canadian  and  the  branches  of  Red  River,  the  escarpment  is  usually 
sharp  and  steep,  while  along  the  smaller  streams  it  has  a  gradual 
slope. 

The  escarpment  (PI.  X,  A)^  which  is  known  locally  as  "the 
breaks,"  marks  the  limit  of  the  High  Plains.  It  margins  the  valleys 
and  passes  in  a  broad  curve  from  one  drainage  system  to  another. 
The  region  abounds  in  bad-land  erosion  forms,  short  ridges,  steep 
talus  slopes,  isolated  conical  hills,  buttresses,  peaks,  and  numerous 
narrow,  V-shaped  valleys,  which  on  becoming  larger  develop  into 
impassable  canyons.    The  breaks,  particularly  along  the  steep  slopes, 
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Rave  a  sparse  vegetation,  since  the  very  rapid  erosion  prevents  most 
kinds  of  plants  from  obtaining  a  foothold.  Bunch  grass,  yucca,  and 
dwarf  mesquite  are  often  present.  Such  a  region  is  most  difficult  to 
traverse,  and  in  localities  where  the  breaks  are  conspicuous  it  can  be 
crossed  with  a  wagon  only  at  infrequent  intervals  over  specially 
selected  routes.  This  escarpment  is  most  typical  along  the  Canadian 
and  in  Palo  Duro  Canyon,  in  Armstrong  County. 

ERODED  PLAINS. 

Interstream  highlands. — From  the  High  Plains  the  escarpment 
forms  a  descent  to  the  lower  level  of  the  eroded  plains,  which  occupy 
the  entire  eastern  part  of  the  region  to  which  this  report  relates. 
From  the  eroded  plains  the  Tertiary  and  Pleistocene  rocks,  which 
compose  the  High  Plains,  have. been  entirely  removed,  and  the 
streams,  both  large  and  small,  are  now  cutting  deep  valleys  into  the 
subjacent  red  beds.  This  part  of  the  Panhandle  is  a  rolling  plain, 
which  is  now  being  eroded  rapidly,  yet  without  the  conspicuous  bad- 
land  forms  that  mark  the  escarpment.  The  streams  are  confined 
almost  entirely  to  rather  deep,  steep-sided  valleys;  the  plains  between 
are  rolling  ancj  well  drained. 

Standing  on  this  plain  not  far  from  the  escarpment  are  outlying 
hills,  generally  conical,  but  often  elongated,  and  joined  into  irregular 
ridges.  They  sometimes  attain  a  height  of  100  to  200  feet.  These 
hills  have  resulted  from  the  thickening  and  hardening  of  certain  of 
the  upper  members  of  the  red  beds,  usually  ledges  of  sandstone, 
gypsum,  or  dolomite,  which  resisted  erosion  and  protected  the  rela- 
tively softer  clays  and  shales  beneath.  A  line  of  such  hills  extends 
from  near  Shamrock,  in  WTieeler  County,  southwest  to  beyond  Mem- 
phis, the  county  seat  of  Hall  County.  South  from  Shamrock  the 
ridge  reaches  its  maximum  width  near  the  post-office  of  Dozier,  at 
which  place  the  range  is  10  miles  wide.  Here  it  consists  of  a  number 
of  isolated  mesa-like  hills  rising  100  feet  above  the  eroded  plains  and 
capped  by  a  ledge  of  sandstone,  described  under  "  Geology,"  6  to  14 
feet  thick.  The  most  typical  of  these  hills  are  Rocking  Chair  Moun- 
tain, north  of  Elm  Fork;  Antelope  Hills,  northeast  of  Dozier;  the 
Dozier  Mounds,  southeast  of  Dozier,  and  Flat  Top,  northwest  of 
Dozier.  The  range  is  interrupted  in  northern  Collingsworth  County 
by  Salt  Fork  of  Red  River,  but  again  becomes  conspicuous  in  the  south- 
western portion  of  the  county,  where  the  creeks  are  rapidly  trenching 
the  valleys  between  the  mesas  and  bringing  the  hills  into  strong 
relief. 

Valleys  and  canyons. — Crossing  the  eroded  plains  at  intervals  are  a 
number  of  streams  which  have  their  rise  on  the  High  Plains,  and, 
after  cutting  through  the  escarpment,  find  their  way  into  the  larger 
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rivers  which  receive  the  drainage  of  the  Panhandle.  For  the  most 
part  these  streams  have  carved  valleys  averaging  3  miles  wide  and 
100  to  200  feet  deep  in  the  eroded  plains.  These  streams  have 
already  been  mentioned,  and  they  will  be  discussed  in  more  or  less 
detail  under  "  River  plains." 

SAND  HILLS. 

The  sand  hills  form  an  important  topographical  feature  of  the 
Panhandle.  In  size  the  hills  range  from  small  mounds  to  ridges  30 
to  40  feet  high;  in  shape  they  are  oval,  crescent,  or  elongated,  but 
when  parallel  they  are  separated  by  trough-like  depressions.  The 
hills  extend  in  various  directions,  although,  in  certain  localities,  those 
ranging  S.  15°  E.  appear  to  predominate.  Within  the  sand-dune 
regions  are  broad,  shallow,  basin-like  depressions  which  are  probably 
large  blow-outs  covering  1  to  10  acres.  There  are  a  few  localities 
containing  migratory  dunes.  One  such  is  on  the  south  side  of 
Canadian  River,  in  western  Roberts  County,  where  the  dunes  are  ap- 
proaching the  river.  Another  is  north  of  Prairie  Dog  Fork  of  Red 
River,  in  southwestern  Donley  County. 

The  sand  composing  these  dunes  is  derived  from  two  sources, 
chiefly  from  the  sandstone  ledges  of  either  the  red  beds  or  the  Ter- 
tiary disintegrating  in  place,  or  from  the  river  sand  which  in  times 
past  has  been  transported  from  farther  west.  •  These  make  two  classes 
of  sand  hills,  both  of  which  are  frequently  found  in  the  same  region. 
The  subject  is  treated  more  fully  under  "  Geology." 

Sand  hills  occur  chiefly  in  the  escarpment  region  or  along  the 
streams,  as  in  western  Lipscomb  and  northern  Roberts  and  Hemp- 
hiU  counties,  in  Wheeler  County  south  of  Mobeetie,  and  in  Donley 
and  Collingsworth  counties  along  the  south  side  of  Prairie  Dog  Fork. 
A  typical  sand  hill  is  shown  in  PL  IV,  A. 

RIVER  PLAINS. 

Canadian  Valley. — The  north  central  part  of  the  Panhandle  of 
Texas  is  traversed  by  Canadian  River,  which  rises  in  the  mountains 
^of  New  Mexico  and  in  its  eastward  course  crosses  the  region  under 
discussion  in  a  valley  5  to  20  miles  wide  cut  deeply  into  the  High 
Plains.  The  sides  of  this  gorge  constitute  a  portion  of  the  escarp- 
ment, with  its  bad-lands  structure  of  short,  sharp  ridges,  often  desti- 
tute of  vegetation,  separated  by  V-shaped  valleys.  The  flood  plan,  1 
to  5  miles  wide,  occupies  the  bottom  of  the  gorge,  600  feet  below  the 
level  of  the  High  Plains.  The  river  runs  over  a  sandy  bed  varying 
in  width  from  a  half  mile  to  more  than  a  mile.  It  is  constantly  shift- 
ing, excavating  sand  in  one  place  and  depositing  it  in  another. 
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Wolf  Creek  Valley. — Wolf  Creek  has  cut  a  wide  valley  in  the  High 
Plains  in  the  northeastern  portion  of  this  region.  It  rises  in  western 
Ochiltree  County,  at  an  elevation  of  3,300  feet,  and  descends  to  2,350 
feet  at  the  Oklahoma  line,  45  miles  east — ^a  gradient  of  21  feet  per 
mile.  The  width  of  the  valley  varies  from  1  to  4  miles,  and  the  breaks 
which  adjoin  it  are  less  rugged  than  those  along  the  Canadian.  Sand 
hills  occur  along  this  creek  and  its  tributaries. 

^yash^ta  River  Valley, — ^The  headwaters  of  the  Washita,  which  in 
Oklahoma  becomes  a  river  of  considerable  size,  rise  in  Gray  County, 
Tex.,  in  a  small  creek  not  differing  from  many  others  in  this  part  of 
the  plains.  It  flows  eastward  in  a  valley  1  to  3  miles  wide  across 
northern  Wheeler  County  and  finally  passes  from  Texas  into  Roger 
Mills  County,  Okla. 

North  Fork  of  Red  River  Valley. — North  Fork  of  Red  River  rises 
among  the  High  Plains  in  the  southeastern  part  of  Carson  County, 
and  flows  east  in  a  broad  bend  to  the  north,  passing  from  the  State 
almost  directly  east  of  its  starting  place.  It  flows  in  a  narrow,  sand- 
choked  valley,  with  sand  dunes  flanking  its  south  side  and  with  red- 
beds  bluffs  guarding  it  on  the  north  for  a  considerable  part  of  its 
course.  This  river  descends  from  an  elevation  of  3,000  feet  on  the 
plains  to  2,050  feet  at  the  State  line,  making  a  descent  of  950  feet 
in  a  passage  of  60  miles,  or  16  feet  per  mile. 

Elm  Fork  of  Red  River  Valley. — Elm  Fork  of  Red  River,  which 
becomes  a  stream  of  considerable  importance  in  Greer  County,  Okla., 
is  in  the  Panhandle  a  mere  creek,  the  greater  portion  of  whose  bed 
is  entirely  dry  during  the  summer.  It  rises  in  the  escarpment  in 
northwest  Collingsworth  County  and,  flowing  southeast  in  a  deep 
valley  cut  in  the  eroded  plains,  makes  its  exit  from  the  State  35  miles 
from  its  source. 

Salt  Fork  of  Red  River  Valley. — Salt  Fork  of  Red  River  rises  on 
the  High  Plains  in  northern  Armstrong,  County  at  an  elevation  of 
3,250  feet,  crosses  the  escarpment,  cuts  a  valley  in  the  eroded  plains, 
and  after  a  tortuous  course  passes  from  the  State  in  the  southeastern 
part  of  Collingsworth  County  at  an  elevation  of  1,900  feet,  a  descent 
of  15  feet  per  mile.  It  flows  in  a  sand-filled  valley,  and  at  times  of 
low  water  the  river  is  a  narrow  ribbon  upon  a  sand  bed  half  a  mile 
wide. 

Prairie  Dog  Fork  of  Red  River  Valley. — Prairie  Dog  Fork  of  Red 
River  crosses  Armstrong  County  in  Palo  Duro  Canyon  (not  to  be 
confused  with  Palo  Duro  Creek,  in  Hansford  County),  which  is  5 
miles  wide  and  which  has  been  cut  875  feet  through  the  Tertiary  and 
the  red-beds  rocks.  The  river  flows  in  a  narrow  valley  at  the  bottom 
of  this  gorge,  the  sides  of  which  present  an  alternate  precipitous  and 
terraced  structure  according  to  the  nature  of  the  beds.  In  Armstrong 
County  there  are  20  miles  of  this  canyon. 
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Minor  Htream  ralleys. — Sweetwater  Creek,  in  northern  Wheeler 
County;  Spillers  Creek,  in  Collingsworth;  Mulberry  Creek,  in  Arm- 
>trong;  Mammoth  Creek,  in  Lipscomb;  Palo  Duro  and  Coldwater 
creeks,  in  Hansford ;  Kit  Carson  and  WTiite  Deer  creeks,  in  Hutchin- 
son :  Ked  Deer  Creek,  in  Hemphill,  and  McClellan  Creek,  in  Gray 
County,  are  the  largest  streams  of  secondary  importance.  These 
smaller  streams  all  form  a  part  of  the  three  major  drainage  systems, 
the  North  Fork  of  Canadian,  the  Canadian,  and  the  Red  River.  Most 
of  these  minor  streams  are  periodic,  although  numerous  springs  at  the 
base  of  the  Tertiary  feed  many  of  the  smaller  creeks,  thus  rendering 
them  perennial. 

GEOLOGY. 

GENERAL  RELATIONS. 

The  general  geologic  features  of  the  Texas  Panhandle  are  not 
complex.  Most  of  the  rocks  belong  to  two  great  systems — the  Per 
mian  and  the  Tertiary — and  there  are  small  amounts  of  Quaternary 
deposits,  all  of  which  lie  nearly  level.  The  lowest  formations  ex- 
posed consist  of  extensive  deposits  of  red  clays  and  shales  known  as 
the  red  beds,  most  of  which  are  of  Permian  age.  The  greater  part 
of  the  upper  formations  are  made  up  of  sands,  clays,  and  conglomer- 
ates belonging  to  the  Tertiary  system.  Covering  these  two  members 
in  many  places  are  beds  of  sand,  gravel,  and  alluvium  of  Quaternary 
age.  On  the  geologic  map  (PI.  V)  the  distribution  of  these  forma- 
tions is  shown.  The  relative  age  and  general  character  of  the  vari- 
ous deposits  are  given  in  the  following  table : 

OeoJogic  formations  of  the  Texan  Panhandle, 


System. 


Name. 


Predominant  characters. 


IAllnvimn Loam,  sand,  and  gravel 
Sand  hills Sand,  chiefly  in  dunes. 
Tule  formation Sand,  clay,  and  gravel. 

i  Blanco  formation 
Goodnight  formation 
Loup  Fork  formation 
Triassic Dockum  formation  . . 


I  Clay,    sands, 
I    erates. 


and    conglom- 


Carboniferous 
mian). 


(Per- 


Quartermaster  forma- 
tion. 

Greer  formation . 


Clays,   sandstones,    and    con- 
glomerates. 

Red  sandy  clay  and  soft  sand- 
stone. 

Red  clay,  with  gypsum  and 
dolomite. 


IBB  1.54— Ofi  M- 
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A  typical  section  of  the  Permian,  Triassic,  and  Cenozoic  strata  in 
Palo  Duro  Canyon,  15  miles  south  of  Claude,  Armstrong  County, 
Texas,  is  as  follows : 

Typical  sectUm  in  Palo  Duro  Canyon,  Texas. 


System. 

Formation. 

Character. 

Thick- 

nefiBin 

feet 

Tertiary    ..  .. 

Tertiary  clays,  varying  in  color  from        20fl 

Unconformity. 
Triassic 

I 
DockTim  -  - 

almost  white    to  pink;  usually  with 
calcite  concretions  and  a  few  pebbles; 
occasional  harder  bands  f  onHing  ter- 
races. 

Gray  to  brown  or  reddish  sandstone. 
Soft  and  friable,  cross  bedded;  often 
changing     into    coziglomerate    with 
lenses  of  blue  and  red  clay. 

Variegated    clays,   maroon,   wine-col- 
ored, drab,  gray,  bluish,  and  red.  with 
ledges  of  sandstone,  sometimes   be- 
coming hard  enough  to  form  an  es- 
carpment; often  simply  a  gray  arena-  ' 
ceous  shale. 

270 

Unconformity. 


Carboniferous 
(Permian). 


Quartermaster . 


Greer 


Red  clay  shale,  with  bands  of  harder  275 
clays,  sometimes  forming  a  sand- 
stone, and  occasional  bands  of  white 
or  gray  clay  or  sandstone,  weathering 
into  characteristic  buttes  or  motmds. 
Seams  of  satin  spar  in  the  lower  part. 

Red  clay  shale,  with  ledges  of  massive         1^ 
white  or  purple  gypsum ,  interstratified  > 
with  bands  of  clay  and  sandstone. 


Total '      »25 
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The  following  sections  made  on  Palo  Duro,  Tule,  and  Mulberry 
canyons  in  the  southwestern  part  of  the  region  here  discussed,  where 
all  formations  are  best  exposed,  indicate  the  relative  thickness  (in 
feet)  of  the  various  beds : 

Geologic  sections  in  Palo  Duro,  Tule,  and  Mulhetry  canyons,  Texas  Panhanttlr. 


Palo  Duro  Canyon. 


83rstem. 


Formation. 


Silver- 

ton-Clar- 

endon 

road. 


Silverton-Clande 
road. 


Tule  Canyon. 
Silverton- 
Clande  road. 


South 
side. 


North 
side. 


Tertiary     and 
Qnatemary. 

Triassic 


Carbonifero^is   I     master, 


Dockum  -. 
(Quarter- 


( Permian). 
Total 


Greer. 


Feet. 

380' 

110 
805 

175 
970 


Feet. 
220 

175 

280 

195 

870 


Feet. 
200 

260 
210 


Feet. 


180 

165 
50 


190  j  Not  exposed. 
860  i  395 


Mulberry 

Canyon. 

Silverton- 

Clarendon 

road. 


Feet. 
240 

Eroded. 
160 

100 
500 


PERMIAN  RED  BEDS. 


GENERAL  STATEMENTS. 

The  oldest  rocks  found  on  the  surface  in  the  Panhandle  of  Texas 
are  the  Permian  red  beds.  These  rocks  occupy  a  considerable  part 
of  the  Great  Plains  from  southern  Kansas  across  Oklahoma  and 
Texas  as  far  as  New  Mexico  and  Arizona,  and  outcrop  along  the 
eastern  flank  of  the  Rocky  Mountains  as  far  north  as  the  Black  Hills 
of  South  Dakota. 

In  Oklahoma,  where  the  Permian  red  beds  are  typically  exposed, 
they  have  been  divided  by  the  writer  into  five  formations,  as  follows :  <* 

QunrtermaHter. 
Greer. 

f  Permian Woodward. 

Blaine. 
Knid. 
rennsylvaninn. 


Carboniferous 


The  rocks  typically  exposed  around  Chandler,  now  known  to  be  Penn- 
sylvanian,  consist  of  red  shales  and  red  or  gray  sandstones.  The  Enid 
fornnation  is  composed  largely  of  red  clay  shales,  with  an  occasional 
ledge  of  .soft  sandstone.     The   Blaine   is  characterized   by  massive 

•  Gould,  Chas.  N.,  (ieneral  geology  of  Oklahoma  :  Socond  Blen.  Kept.  Oklahoma  (Jeol. 
Survey,  1902,  pp.  42-58.  Revised  In  Water-Bup.  and  Irr.  Paper  No.  148,  U.  S.  Gool. 
Survey,  1905,  p.  39. 
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Tertiary 


Qaftrtermaster    300' 


Greer    275 


Blaine    lOO' 


Coarse  sanditoiie  and 
shale 


Woodward    425  i 


Delhi  (dolomite, 
Collingsworth    (gypsun 
Cedar  Top   fgypgumj 
Haystark  (  gypsumj 
Kiser    (gypauiii) 
Chaney   (gypsum) 

Day  Creek  (dolomite) 


Red   Kluff  (sandstoue) 


Dog  Creak    shales 

^Shlmer    (,ryp>um ) 

Medicine  Lodge  n 

^Ferguson  '  t.. 


Enid    1500% 


pio.  1. — Generalizpd  section  of  Oklahoma  red  beds.     In  the  above  legend 
read  Mangiim,  and  "  Red  Bluff  "  should  read  Whitehorse. 


'  Delhi  •*  shoald 
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ledges  of  white  gypsnni  interbedded  with  red  shales.  The  Wood- 
ward is  made  up  of  red  shales  and  sandstones  and  a  ledge  of  white 
dolomite.  The  (Jreer  is  also  a  gypsum  formation,  in  which  the  ledges 
are  interstratified  with  red  shales.  In  the  Quartermaster  the  rocks 
consist  chiefly  of  red  shales  and  clays,  with  ledges  of  soft  sandstone. 
Fig.  1  shows  the  general  character  and  relative  thickness  of  the  red 
l>eds  as  exposed  in  Oklahoma. 

Professor  Cragin  classified  the  red  beds  in  Kansas  and  northern 
Oklahoma,  but  he  did  not  examine  the  lower  nor  the  upper  members. 
He  divided  the  portion  that  he  studied  into  the  Salt  Fork  and  Kiger 
divisions,  each  consisting  of  a  number  of  formations.** 

In  comparing  this  author's  classification  with  the  one  used  by 
Professor  Cragin  it  may  be  said  that,  in  general,  the  Enid,  Blaine,  and 
Woodward  formations  correspond  to  his  Salt  Fork  and  Kiger. 
Neither  the  rocks  near  Chandler  nor  the  Greer  nor  the  Quartermaster 
formations,  as  they  are  now^  known,  were  described  by  Professor 
Cragin. 

Profe^ssor  Cummins  divided  the  red  beds  into  the  Wichita,  Clear 
Fork,  and  Double  Mountain  formations,  without,  how^ever,  sharply 
differentiating  them.^  Doctor  Adams,  who  studied  the  lower  mem- 
bers of  the  Texas  red  beds,  found  that  the  divisions  made  by  Profes- 
sor Cummins  were  unsatisfactory  and  recommended  that  they  should 
not  be  retained.**  He  has  also  shown  that  the  Wichita  beds  in  Texas, 
like  those  near  CI.  ndler,  in  Oklahoma,  are  Pennsylvanian  in  age.'' 
From  the  best  available  information  it  seems  probable  that  the 
Wichita  beds  are  approximately  the  equivalent  of  those  near  Chand- 
ler, the  Clear  Fork  beds  include  about  the  same  rocks  as  the  Enid, 
Blaine,  and  Woodward  formations,  and  that  the  Double  Mountain 
l)eds  are  practically  the  same  as  the  Greer  and  Quartermaster  forma- 
tions.    The  following  table  expresses  the  conditions : 

Relationship  of  formation  vlasHifications, 


Cumminfl's  clasBiflcaticm. 

Double  Mountain  beds 

Clear  Fork  l)ed8 

Wichita  beds 


ClaHsiflcation  of  the  writer.  Cragin's  <*,laH8iflcation. 


J  Quartermaster 

Greer I 

"^oiKly^^nX iJKiger  division. 

^^^^°^  - '  (Salt  Fork  division. 

Enid 


•  Cragin,  F.  W.,  Permian  system  of  Kansas :  Colorado  Coll.  Studies,  vol.  6,  1896,  p.  3. 

*  Cummins,  W.   F.,   Kept,   on   the  geology  of  northwestern  Texas :    Second  Ann.   Rept. 
Texas  Geol.  Survey,  1890,  pp.  400-402. 

<•  Adams,  George  I.,  Stratlgraphlc  relations  of  the  red  beds  to  the  Carhonlferons  and 
Permian  In  northern  Texas:  Bull.  Oeol.  Soc.  Amerlcii,  vol.  14,  1903,  pp.  191-200. 
-  Ibid.,  pp.  196-199. 
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THE   PERMIAN    IN    THE   PANHANDLE   REOION. 

Of  tho  formations  of  tlie  Permian  red  beds  discuss(*d  above,  only 
the  (ireer  and  Quartermaster  are  exposed  in  the  Panhandle  of  Texas. 

(rveer  fonniitUnu — The  (Ireer  formation,  the  lowest  member  of 
the  red  beds  found  in  the  Panhandle,  has  its  type  exposure  in  Greer 
County,  Okla.,  along  Elm  Fork  of  Red  River,  a  few  miles  east  of 
the  Texas  line.  It  is  here  composed  of  150  to  200  feet  of  brick-retl 
clays  and  shales  interstratified  with  ledges  of  white,  bluish,  and 
pinkish  gy])sum,  with  an  occasional  ledge  of  magnesian  limestone 
and  dolomite.  In  many  places,  however,  the  gypsum  beds  are  en- 
tirely wanting  or  occur  as  single  ledges,  while  in  other  localities 
there  are  six  or  more  well-marked  beds,  ranging  from  1  to  30  feet  in 
thickness,  besides  one  or  two  ledges  of  irregular  gray,  honeycombed, 
magnesian  limestone,  1  to  3  feet  thick.  A  number  of  localities  in 
Collingsworth  County,  Tex.,  may  be  cited  where  these  definite  gyp- 
sum layers  occur,  but  extensive  study  in  the  region  has  shown  that 
all  of  them  are  more  or  less  lenticular  and  do  not  persist  for  any  con- 
siderable distance.  Indeed  it  is  not  an  uncommon  occurrence  for 
two  or  more  of  tliese  ledges  to  merge  locally  by  the  thinning  out  of 
the  intervening  clays,  while  at  a  short  distance  beyond  the  gypsums 
themselves  become  thin  and  disappear.  In  very  few  parts  of  the 
red  beds  is  the  tendency  to  form  lenses  better  exemplified  than  in 
the  (ireer  formation.  Along  North  Fork  of  Red  River,  just  east  of 
the  Panhandle  line,  the  writer  has  named  the  following  members  of 
the  Greer:  Chaney,  Kiser,  Haystack,  Cedartop,  and  Collingsworth 
gypsums  and  Mangum  dolomite."  The  sequence  of  the  beds  is  shown 
in  fig.  2. 

In  view  of  the  facts  as  presented  above,  it  appears  better  not  to 
indicate  by  name  those  lenses  which  persist  only  for  a  short  distance 
and  which  can  not  be  correlated  in  adjoining  regions;  hence  in  the 
present  paper  no  attempt  will  be  made  to  subdivide  the  Greer 
formation. 

Because*  of  the  lenticular  nature  of  the  beds  it  is  not  always  pas- 
sible to  locate  the  exact  limits  of  the  various  subdivisions  of  the  red 
beds.  In  general,  however,  the  upper  limit  of  the  Greer  is  placed 
either  at  tlie  top  of  the  highest  prominent  gj'^psum  ledge  or  at  the 
top  of  the  ledge  of  magnesian  limestone  or  dolomite,  which  appears 
10  to  20  feet  above  the  highest  ledge  of  solid  gypsum. 

The  gypsum  members  of  the  Greer  formation  abound  in  caves 
and  sink  holes.  In  PI.  VI,  .1,  is  reproduced  a  photograph  of  an 
opening  on  the  surface  of  a  gypsum  cave  in  western  Oklahoma. 
The  soft  shales  which  underlie  the  ledges  are  easily  eroded,  and  the 

«•  (iould.  ('has.  N.,  (ieneral  geoloRy  of  Oklahoma  :  Second  Blen.  Kept.  Okla.  Geol.  Sur- 
vey, mo-j,  pp.  5r.-rj6. 
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B.     SPRING   ISSUING   FROM   A  CAVE   IN   GREER  GYPSUM. 
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gypsum  is  gradually  dissolved  by  water.  It  is  not  uncommon  to  find 
a  prairie  stream  of  considerable  size  which  disappears  in  a  sink 
hole.  In  such  case,  however,  it  usually  comes  again  to  the  surface  at 
no  great  distance  as  a  spring  issuing  from  a  cave  (PI.  VI,  B), 
These  sink  holes  are  of  various  shapes,  with  the  oblong  and  circular 
forms    predominating.     The    oblong    sink    holes    often    terminate 

Dolomite,  honeycombed  3' 

Red  clay  20' 


Maeiive  white  gypnam  ~{~^' 

Red  end  blue  clay  e' 

Mesilre  white  gypiom  18* 

White  and  creen  eud  red  cley  6' 

MaeelTe  white  fypiam  20 

Red  and  greenlih  cloy  is' 

Greenish  lelenitic  fyptom  3 

Bed  clay  12' 

Hard  itratlfled  gypiam  4' 

Blaieb  and  red  clay  5' 

Hard  gypiam  2' 


Bed  and  blniih  ihale,  banded 


Fig.  2. — Section  showing  members  of  Oreer  formation  on  Elm  Forlc  of  Red  River  at 
Salton,  Okia.     In  above  legend  "  Delhi  "  should  read  Mnngum. 

abruptly  in  caves  at  one  end,  while  the  circular  ones  exhibit  a 
conical  hole  in  the  center,  through  which  the  water  escapes  most 
freely.  These  sink  holes  vary  in  depth  from  a  few  inches  to  20  feet 
or  more  and  are  10  to  100  feet  in  diameter.  In  general  they  are 
irregularly  distributed;  in  some  cases,  however,  they  seem  to  occur 
in   chains,  evidently   connected   by   an   under|p^und   passage,  thus 
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marking  the  beginning  of  a  drainage  channel.  These  sink  holes  are 
probably  formed  by  the  subterranean  drainage  which  dissolves  the 
gypsum  and  clay  l)elow  the  surface,  forming  caves  which  eventually 
collapse  and  become  stream  beds.  North  of  Shamrock,  2  miles  from 
North  Fork  of  Red  River,  there  is  a  typical  sink-hole  region  in  which 
hundreds  of  these  openings  occur  in  an  area  of  a  few  square  miles. 

In  various  places  the  members  of  the  Greer  exhibit  a  marked 
peculiarity  of  stratification  not  usually  found  in  the  rocks  of  the 
plains.  The  gypsum  ledges  are  here  often  distinctly  laminated,  as 
shown  on  PI.  IV,  B.  Steep  local  dips,  both  anticlines  and  synclines, 
are  often  observed  along  the  sides  of  a  cliff. 

A  striking  j)ecidiarity  of  the  Greer  formation  is  the  erratic  dip 
of  the  gypsum.  Frequently  in  tracing  a  ledge  along  a  small  stream 
it  is  found  that  within  a  distance  of  perhaps  half  a  mile  the  stream 
descends  50  feet,  while  the  gypsum  along  the  bluff  still  retains  the 
same  height  above  the  water  chamiel.  On  the  opposite  side  of  the 
stream  the  same  ledge  may  l)e  traced  along  another  branch  until  less 
than  a  mile  away  it  is  75  feet  higher  than  at  the  main  stream.  In 
other  words,  the  dip  of  the  ledge  is  toward  the  stream  on  both  sides, 
though  the  ledge  is  continuous.  This  peculiarity  of  dip  gives  the 
appearance  of  irregularly  folded  strata,  yet  there  has  been  no  gen- 
eral folding  whatever.  The  phenomenon  is  not  easy  to  understand. 
Perhaps  the  most  plausible  explanation  is  that  the  shales  have  been 
removed  from  beneath  the  gypsum  ledges,  permitting  the  latter  to 
sink  along  the  streams  into  the  semblance  of  a  local  dip.  This  fact 
is  exemplified  on  PI.  VII,  A, 

The  (Jreer  formation  being  the  lowest  member  of  the  red  beds  in 
the  Panhandle  naturally  outcrops  low  in  the  stream  valleys.  It  is 
well  exposed  along  the  branches  of  Red  River,  particularly  on  Elm, 
Salt,  and  Prairie  Dog  forks.  On  Elm  Fork  it  outcrops  along  the 
valley  of  the  stream  from  the  Oklahoma  line  as  far  west  as  Sham- 
rock, in  southern  Wheeler  County.  Between  Elm  Fork  and  Salt 
Fork  the  Greer  forms  the  plain  as  far  west  as  the  post-office  of  Dozier, 
while  along  the  north  side  of  Salt  Fork  gypsum  ledges  app)ear  in  the 
bluffs  at  intervals,  finally  disappearing  in  Donley  County  a  few 
miles  east  of  the  center.  South  of  Salt  Fork  a  strip  of  sand  hills 
covers  the  red  beds,  so  that  the  Greer  formation  is  not  exposed  north 
of  the  divide  l)etween  Salt  and  Prairie  Dog  forks  of  Red  River. 

It  is  in  the  valley  of  Prairie  Dog  Fork  of  Red  River  and  its  tribu- 
taries, Spillers  and  Mulberry  creeks,  and  in  Palo  Duro  Canyon,  in 
Collingsworth,  Donley,  and  Armstrong  counties,  that  the  Greer  forma- 
tion attains  its  typical  development  in  the  Panhandle.  In  this  locality 
it  is  exposed  along  the  bluffs  of  the  main  creeks  and  caps  the  slopes  of 
the  smaller  side  canyons  that  are  dissecting  the  red-beds  plain.  In 
Palo  Duro  Canyon,  in  particular,  the  gypsums  of  the  Greer  are  con- 
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Tertiary  cliffs  in  the  distance. 
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spicuous;  here  a  number  of  narrow  ravines  have  l)een  cut  out.  In 
this  locality  creeks  sometimes  pass  into  caves  and  sink  holes,  and  after 
flowing  underground  for  half  a  mile  or  more  reappear  in  a  deep  can- 
yon. Ledges  of  white  gypsum  cap  the  bluffs  and  wind  in  sinuous 
white  lines  along  the  streams. 

Quartermaster  formation, — Resting  conformably  upon  the  Oreer 
are  250  to  300  feet  of  rocks,  consisting  for  the  most  part  of  soft,  red 
sandstones  and  sandy  clays  and  shales.  To  this  formation  the  name 
Quartermaster  has  been  applied,  the  name  being  derived  from  a 
creek  in  Day  and  Custer  counties  of  Oklahoma,  along  which  the 
rocks  are  typically  exposed.  In  the  lower  part  of  the  formation  the 
rocks  are  chiefly  shales,  usually  red,  but  sometimes  containing  green- 
ish bands  or  layers  of  clay  and  often  (particularly  near  the  base)  a 
considerable  amount  of  gypsum,  which  is  usually  in  the  form  of 
white  or  pink  satinspar  or  of  rounded  concretions.  At  a  higher 
level  the  red  shales  become  more  arenaceous  and  not  infrequently 
form  a  consolidated  sandstone,  which  is  rather  thin  bedded  and 
prone  to  break  into  small  rectangular  blocks.  These  harder  members 
of  the  Quartermaster  formation  often  weather  into  long,  narrow 
buttresses  and  more  or  less  conical  mounds,  varying  in  height  from 
10  to  50  feet,  as  shown  in  PI.  VII,  B,  These  conical  mounds  some- 
times occur  alone,  but  more  often  they  appear  in  groups;  occasion- 
ally there  are  hundreds  of  them  on  a  single  quarter  section. 

The  sandstone  members  are  further  characterized  by  marked  and 
very  peculiar  irregular  dips  and  folds.  Strata  are  often  seen  dipping 
at  an  angle  of  20  to  40  degrees,  but  the  dip  is  irregular,  varying  in 
direction  to  all  points  of  the  compass,  even  on  a  small  area.  These 
local  dips  often  produce  slopes  which  have  the  character  of  those 
formed  by  normal  faults  or  by  general  folding.  The  cause  of  this 
phenomenon  is  not  well  understood,  but  apparently  the  '^rratic  dips 
are  caused  by  the  erosion  of  some  of  the  subjacent  gypsum  members 
of  the  Greer  formation. 

In  certain  parts  of  the  Quartermaster  formation  there  occur  beds 
of  hard,  white,  or  pinkish  dolomite.  One  such  outcrops  on  Mulberry 
Creek,  10  miles  southwest  of  Clarendon,  as  a  ledge  5  feet  thick. 
Another,  w^hich  caps  the  bluff  at  the  crossing  of  Salt  Fork  of  Red 
River,  3  miles  north  of  Clarendon,  is  3  to  5  feet  thick,  white  or 
pinkish  in  color,  hard  or  even  cherty,  with  characteristic  dendritic 
markings.  WTien  traced  east  for  several  miles  this  ledge  is  found  to 
be  a  lens  changing  into  sandstone  and  sandy  shale.  Another  locality 
where  dolomite  occurs  is  on  Antelope  Creek,  in  northwestern  Carson 
County,  and  along  the  bluffs  north  of  Canadian  River,  near  Plemons, 
the  county  seat  of  Hutchinson  County.  The  red  l)eds  in  this  locality 
are  provisionally  classed  as  Quartermaster. 


Digitized  by  VjOOQIC 


22  EASTERN    PANHANDLE    OF    TEXAS. 

Throughout  the  ^oator  part  of  this  region  the  Quartermaster  for- 
mation is  overlain  unconformably  by  the  Tertiary  or  Quaternary 
deposits.  In  the  localities  where  the  Dockum  l)eds  ai-e  present  the 
upper  limit  of  the  formation  is  located  at  the  line  where  the  color  of 
the  shales  changes  from  brick  red  to  maroon  or  wine  color. 

In  general  the  Quartermaster  formation  outcrops  in  albeit  1  to  .") 
miles  wide  at  the  base  of  the  High  Plains.  It  appears  in  the  southern 
part  of  \Vhei»ler  County,  between  Shamrock  and  Dozier,  occupies  the 
northwestern  part  of  Collingsworth  County,  and  follows  along  the 
north  side  of  Salt  Fork  as  far  west  as  Clarendon.  In  the  southern 
part  of  Collingsworth  County  the  Quartermaster  is  exposed  south 
and  west  of  Wellington,  the  county  seiit.  It  forms  the  dissected 
]>lain  betw(»en  Memphis  and  (iiles  in  southern  Donley  and  eastern 
Armstrong  counties.  Along  Palo  Duro  Canyon,  in  southwestern 
Armstrong  County,  it  exhibits  a  maximum  thickness  of  800  feet  and 
forms  the  top  of  the  intracanyon  terrace,  just  al>ove  the  Greer  gypsum 
ledges. 

The  red  l)eds  ai-e  exposed  along  Canadian  River  in  northern  Carson 
and  southern  Hutchinscm  counties.  The  most  typical  exposures  are 
along  Dixon  and  Antelope  creeks,  in  Carson  County,  where  ^50  feet 
appear  in  vertical  section.  They  contain  some  beds  of  dolomite  and 
gypsum.  These  IkhIs  do  not  seem  sufficiently  uniform  and  persistent 
to  warrant  giving  them  definite  names,  yet  they  are  more  extensive 
than  similar  beds  that  occur  in  other  portions  of  the  formation.  It 
is  probable  that  a  detailed  study  will  reveal  that  these  l>eds  extend 
farther  to  the  west  along  Canadian  River.  Plicated  structure,  noted 
elsewhere,  is  exemplified  in  this  region.  The  following  section  wa> 
made  in  southwestern  Hutchinson  County,  2  miles  from  the  mouth 
of  Anteloi)e  Creek : 

Srction  of  red  heds  on  Antelope  Creek,  Carson  County,  Tex, 

Fwt. 

Red  clays,  with  sandy  shale 4(i 

Gray  sandstone  8 

Red  day So 

(iray  dolomite,  weathers  out  in  blocics  which  are  scattered  over  talus  sloi>e 

(this  iwlt^e  forms  a  terrace) 8 

Red  clay i:il> 

(iypsum,  bluish  In  piact^s:  a  fairly  persistent  uniform  ledge *- 

Red  clay,  lower  portion  covered 6 

For  lithological  reasons  these  beds  as  a  whole  are  considered  ai= 
belonging  to  the  Quartermaster  formation. 

Near  the  middle  of  the  Quartermaster  formation,  as  exposed  in 
Collingsworth  and  Hall  counties,  there  is  a  ledge  of  rather  hard,  red 
or  pinkish,  more  or  less  oolitic  sandstone,  which  on  weathering  gives 
rise  to  a  number  of  flat-topped  buttes  and  ridges.  Of  these  the  most 
typical  are  Rocking  Chair  Mountains  (PI.  VIII,  -4),  southwest  of 
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A.     ROCKING  CHAIR   MOUNTAINS. 
A  hill  capped  by  the  Dozier  sandstone. 


B.     SANDSTONE  MEMBER  OF  THE  DOCKUM   FORMATION  IN  PALO   DURO  CANYON. 
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Shamrock;  Antelope  Butte,  near  the  head  of  Elm  Fork  of  Red  River; 
Dozier  Mounds,  near  Dozier  post-office,  and  'Possum  Peaks,  Twin 
Mounds,  and  Ragged  Top,  a  few  miles  farther  west  of  Dozier.  Be- 
tween Salt  and  Prairie  Dog  forks  of  Red  River,  in  the  vicinity  of 
Memphis,  in  Hall  County,  these  buttes  are  conspicuous.  Hogback 
Butte,  8  miles  south  of  Memphis,  is  a  noted  landmark.  These  buttes 
persist  for  an  unknown  distance  south  of  Salt  Fork  of  Red  River. 

From  the  sandstone  on  Antelope  and  Dozier  mounds.  Dr.  J.  W. 
Beede  identifies  fossils  l)elonging  to  the  following  genera :  Dielasma^ 
S(7if2odu^^  AUorifmia,  Pleura pharus^  Edmondia^  Avicvlopecten^  Let- 
opteria^  CapuluH?  {LepetopHis?)^  Loxonema^  StrophoHtylus^  Murchi- 
sonia,,  Pleurotomaria^  and  WorthenopaiH;  indicating  the  Permian  age 
of  the  sandstone. 

TRIASSIC  RED  BEDS. 

Doc'kum  fai'Tnation, — The  upper  part  of  the  Texas  red  beds  was 
described  by  Professor  Cummins  under  the  name  of  Dockum  beds," 
and  afterwards  by  Drake.^  This  formation,  which  is  composed 
largely  of  clays,  sandstones,  and  conglomerates,  underlies  practically 
all  of  the  Staked  Plains  of  Texas  and  southeastern  New  Mexico. 
According  to  Drake,^  the  Dockum  beds  average  200  feet  in  thickness, 
and  may  be  divided  into  three  members,  as  follows :  ( 1)  A  lower  bed  of 
sandy  clay  0  to  150  feet  thick,  (2)  a  central  bed  or  beds  of  sandstone, 
conglomerate,  and  some  sandy  clay  0  to  235  feet  thick,  and  (3)  an 
upper  bed  of  sandy  clay  and  sandstone  0  to  300  feet  thick. 

Along  Palo  Duro  Canyon  in  Armstrong  and  Briscoe  counties, 
where  this  formation  was  studied  by  the  writer,  it  is  difficult  to 
divide  it  into  recognizable  members.  The  formation  abounds  in  local 
unconformities  with  day,  sandstone,  and  conglomerate  lentils,  with 
cross-bedded  structure,  and  other  features  indicative  of  shallow-water 
deposition.  In  places  the  lower  portion  is  made  up  of  red,  maroon,- 
or  wine-colored  clays,  while  at  higher  horizons  there  are  more  or 
less  lenticular  sandstones  and  conglomerates,  as  shown  in  PL  IX,  B. 
On  weathering,  the  sandstones  of  the  Dockum  beds  give  rise  to  unique 
erosion  forms;  the  harder  members  protect  the  softer  shales  beneath 
and  produces  pillars,  chimneys,  toadstools,  and  other  unusual  figures, 
some  types  of  which,  exposed  in  Tule  Canyon,  G  miles  northwest  of 
Silverton,  are  shown  in  PI.  IX,  .1. 

The  lithologic  characters  which  justify  the  separation  of  the 
Dockum  beds  from  the  Permian  are,  (1)  the  gray  and  brown  color 
of  the  sandstones  and  conglomerates  and  the  abundance  of  the  latter: 

•Cummins,  W.  F.,  First  Ann.  Rept.  Texas  (Jeol.  Survey,  IHOO,  pp.  189-190;  Second 
Ann,  Kept..  1900,  pp.  424-428. 

»  Drake,  N.  F.,  Stratigraphy  of  the  Triassic  formations  of  northwest  Texas ;  Third 
Ann.  Rept.  Texas  Geol.  Survey,  1901,  pp.  227-247. 

*  Ibid.,  pp.  229-233. 
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(2)  the  maroon,  wine-colored,  and  yellow  shales  and  clays,  and  (3) 
tlie  extensive  cross-bedding  and  local  unconformities  of  the  various 
members.  Wliether  or  not  the  Dockum  formation  is  conformable 
throughout  with  the  subjacent  Quartermaster  formation  is  still  an 
open  question.  There  is  often  local  unconformity  between  the  two 
formations,  but  ou  the  other  hand  there  are  localities  in  which  the 
brick-red  shales  and  argillaceous  sandstone  of  the  Quartermaster 
grade  so  imperceptibly  into  the  wine-colored  shales  and  gray-brown 
conglomerates  of  the  Dockum  that  the  closest  search  fails  to  reveal  the 
line  of  s(»paration  between  them.« 

Concerning  the  age  of  the  Dockum  formation  it  may  be  said  that 
vertebrate  fossils,  found  in  these  rocks  and  described  by  Cope,^  as 
well  as  certain  new  forms  of  Unios  named  by  Simpson/  indicate  that 
the  l)eds  l>elong  to  the  Triassic.  In  all,  seven  species  of  vertebrates 
and  four  of  pelecypods  have  bi»en  secured  from  this  formation. 

TERTIARY  AND  QUATERNARY  FORMATIONS. 

REFERENCE    I.IST   OF    PUBLICATIONS. 

For  extended  discussions  of  the  Tertiary  rocks  of  various  parts  of 
the  Great  Plains  the  reader  is  referred  to  the  following  publications: 

Cummins.  W.  F.,  Notes  on  the  geology  of  northwest  Texas:  Fourth  Ann. 
Rept.  Texas  Geol.  Survey.  ISO'i  pp.  190-203. 

Dumble,  E.  T..  Cenozoic  dei)oslts  of  Texas:  Jour.  Geol.,  vol.  2,  No.  6.  18JM. 
p|).  r>40-5(5:i. 

Ilay,  Robert,  Water  resources  of  a  portion  of  the  Great  Plains:  Sixteenth 
Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  2,  1895,  pp.  T^m  et  seq. 

Haworth,  E.,  Physical  prt)i)erties  of  the  Tertiary:  IJnlv.  Geol.  Survey  Kan- 
sas, vol.  2.  1897,  pp.  247-284.  Underground  waters  of  southwestern  Kansas: 
Water-Sup.  and  Irr.  Pai)er  IJ.  S.  (ieol.  Survey  No.  G,  1897. 

Darton,  N.  H.,  Rei)ort  on  the  geologj'  and  water  resources  of  Nebraska  west 
^  of  103d  Mer. :  Nineteenth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt  4.  1899,  pp.  719-785. 
*  Also  in  Prof.  Paper  U.  S.  Geol.  Survey  No.  17.  1903. 

Darton,  N.  II.,  Rept.  on  the  geology  of  the  central  Great  Plains:  Prof.  Paper 
I  J.  S.  Geol.  Survey  No.  32,  lJ)Or». 

Johnson,  Willard  D.,  The  High  Plains  and  their  utilization:  Twenty-first 
Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  4,  1901,  pp.  601-741.  Twenty-second  Ann. 
Rept.  U.  S.  Geol.  Survey,  pt.  4,  1902,  pp.  031-069. 

«  Sluce  the  above  was  written  opportunity  lias  been  afforded  for  studying  these  beds  In 
the  western  part  of  the  Panhandle  of  Texas,  both  on  upper  Palo  Duro  Canyon  and  along 
the  valley  of  Canadian  Klver.  The  writer  finds  that  in  this  region  the  Triassic  is 
everywhere  separated  by  a  pronounced  unconformity  from  the  subjacent  Permian  red  beds 
and  that  It  Is  clearly  divisible  Into  two  formations,  each  consisting  of  well-marked 
members.  These  formations  and  members  will  be  described  In  a  forthcoming  water- 
supply  and  irrigation  paper. 

*Cope,  E.  I).,  Vertebrate  remains  from  the  Dockum  Terrane  of  the  Trasslc  system: 
Fourth  Ann.  Rept.  Texas  (Jeol.  Survey,  1003,  pp.  11-17. 

«•  Simpson.  C.  T.,  Descriptions  of  four  new  Triassic  Unlos  from  the  Staked  Plaint  of 
Texas:  Proc.  I'.  S.  National  Mus.,  vol.  18,  No.  1072,  1896,  pp.  381-385. 
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A      EROSION    FORMS   IN   THE  DOCKUM  SANDSTONE   IN   TULE  CANYON. 


B.     SANDSTONE  AND  SHALE   MEMBER  OF  THE   DOCKUM   FORMATION. 
Showing  lenticular  nature  of  the  strata. 
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STRATIGRAPHY. 

General  xtafemeftt. — After  the  deposition  of  the  Pemiian  and 
Triassic  re<l  beds  in  the  Panhandle  region  the  area  Avas  elevated  and 
for  a  long  period  of  time  the  land  was  extensively  eroded.  Farther 
south  and  west  extensive  deposits  of  Cretaceous  rocks  rest  on  the 
red  beds,  but  in  the  part  of  the  Panhandle  under  discussion  Cre- 
taceous formations  are  absent. 

Resting  uncomformably  upon  the  eroded  surface  of  the  red  beds 
throughout  the  region  descril)ed  in  this  paper  are  extensive  deposits 
of  the  Cenozoic  age — Tertiary  or  Quaternary — which  make  up  the 
rocks  of  the  High  Plains.  These*  formations,  which  consist  largely 
of  loosely  consolidated  clays,  sands,  and  conglomerates,  typically 
white,  but  varying  locally  into  gray,  buff,  brown,  or  other  colors, 
constitute  the  '*  Tertiary  grit "  and  the  "  Tertiary  marl ''  or  "  mortar 
l)eds"'  of  the  Kansas  geologists.  In  Nebraska,  Mr.  Darton  sub- 
divides the  beds  of  approximately  this  age  into  the  Arikaree  and  the 
Ogalalla.  In  the  Panhandle  of  Texas  Professor  Cummins  has  dis- 
tinguished four  horizons,  basing  his  classification  upon  the  evidence 
afforded  by  vertebrate  fossils  obtained  in  the  different  beds  and 
identified  by  Professor  Copc\« 

The  following  table  sets  forth  the  names  of  the  members  as  used  by 
Professor  Cummins,  the  geologic  age,  and  the  number  of  species  Pro- 
fessor Cope  found  in  each : 

Vrrtehraiv  fttsxih  ditttitif/itishinf/  four  horizons  in  the  Panhandle  of  Tej-as. 


Period. 


Epoch.  Formation. 


Number  of 
species. 


Qnatemary     . . Pleistocene Tule  {Equus  beds) !  10 

f Pliocene .       .    Blanco    .       Ifi 

(Transition) j  Goodnight 8 

Miocene- .  i  Loup  Fork I  17 


Loup  Fork  formatum, — The  term  ''  Loup  Fork  "  has  long  been  used 
to  include  a  series  of  rocks,  usually  considered  later  Miocene  in  age, 
which  are  extensively  expostnl  on  the  (Jreat  Plains,  particularly  in 
(\)lorado,  Nebraska,  Kansas,  Oklahoma,  Texas,  and  New  Mexico. 
The  rocks  consist  largely  of  sands,  clays,  and  conglomerates,  the  lat- 
ter made  chiefly  of  smooth  water-worn  pebbles  presumably  derived 
from  the  Rocky  Mountains.  The  thickness  of  the  de[)osits  varies, 
but  the  maximum  is  several  hundred  feet.  The  T^)up  Fork  beds  con- 
stitute the  lowest  Tertiary  formation  known  to  exist  in  the  Pan- 
handle.    According  to  Professor  Cummins  these  beds  do  not  extend 


•  Fourth  Ann.  Kept.  Texas  Geol.  Survey,  pt.  H.  1H03,  pp.  18-80. 
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faither  south  along  the  eastern  edge  of  the  Llano  Estacado  than 
the  Prairie  Dog  Fork  of  Red  River."  On  Mulberry  Creek,  12  miles 
west  of  Clarendon,  where  Cummins  and  Cope  obtained  the  fossils 
identified  by  the  latter,  the  I^up  Fork  beds  are  30  feet  thick  and 
'*  composed  of  alternating  beds  of  bluish  and  almost  pure  white 
sand.''  ^ 

Goodnight  formation, — This  division,  named  by  Professor  Cum- 
mins from  the  town  in  Armstrong  County,  Tex.,  consists  of  calcareous 
and  arenaceous  clays,  sands,  and  heavy  conglomerates.  Lithologic- 
ally,  it  is  practically  impossible  to  differentiate  the.se  beds  from  iho^ 
of  the  l.<oup  Fork  or  Blanco,  and  it  is  only  by  means  of  fossils  con- 
tained in  them  that  the  beds  are  known  to  be  of  different  age.  I*ro- 
fessor  (^ope  identified  eight  vertebrates  from  these  beds  and  assigned 
them  to  an  age  intermediate  between  the  Loup  Fork  and  the  Blanco.'" 
Professor  Cummins  state.s  that  the  Goodnight  beds  have  extensive 
develo[)ment  south  of  Mulberry  Creek.  The  maximum  thickness  as 
given  by  him  is  approximately  150  feet.** 

Dall,  on  the  authority  of  Dumble,  has  called  these  beds  Palo  Duro. 
He  classes  them  as  transitional  between  the  Miocene  and  Pliocene, 
and  says :  •"  These  beds,  identified  in  western  Texas  by  ScK)tt  as  tran- 
sitional, also  had  the  absurd  name  of  Goodnight  applied  to  them."' 
Certainly  no  one  who  has  ever  been  in  that  portion  of  the  Panhandle 
would  consider  the  name  of  Goodnight  as  absurd,  for  it  is  the  name 
of  one  of  the  largest  of  the  old-time  cattle  ranches,  as  well  as  of  a 
good-sized  town,  the  seat  of  a  flourishing  college. 

Blanco  formation, — Professor  Cummins  gave  the  name  Blanco  bed< 
to  those  Tertiary  rocks  which  rest  unconformably  upon  the  Dockum 
conglomerate  at  the  type  locality  of  the  latter — i.  e.,  at  Dockum,  Dick- 
ens County,  Tex.  Vei-tebrate  fossils  from  that  region  have  been 
identified  by  Professor  Cope,  who  states  that  ''  the  horizon  is  more 
strictly  and  nearly  Pliocene  than .  any  of  the  lacustrine  terranes 
hitherto  found  in  the  interior  of  the  continent."  ^  The  rocks  consist 
of  alternating  layers  of  sand,  clay,  and  diatomaceous  earth,  approxi- 
mately 1()0  feet  in  thickness. 

Tnle  formation, — These  l)eds,  described  by  Professor  Cummins ^^ 
and  by  Professor  Co[)e,  weie  assigned  by  the  latter  to  the  EqmiS'hiH\ 

"  Cummins,  W.  F.,  NoteH  on  the  geology  of  northwest  Texas:  Fourth  Ann.  Kept.  Texas 
(;eol.  Survey,  189.H.  p.  2(K'{. 

"  rhld..  p.  204. 

'"Tope,  E.  D.,  Vertebrate  fauna  of  the  Loup  F'ork  beds:  Fourth  Ann.  Rept.  Texas  (Jeol. 
Survey,  pt.  8,  180.S.  p.  46. 

''  Cummins,  op.  cit.  pp.  201-202. 

'•  Hall.  Wm.  \\.,  Table  of  North  American  Tertiary  horizons,  etc. :  Ri^hteenth  Ann.  Repf. 
V.  S.  (Jeol.  Survey,  pt.  2,  1898,  p.  338. 

^  Cope,  K.  I)..  Vertebrate  fauna  of  the  Blanco  I)ed8 :  Fourth  Ann.  Rept.  Texas  ifeol. 
Survey.  1803,  p.  47. 

<'  Cummins,  op.  cit.  pp.  109-200. 
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horizon  of  the  early  Pleistocene,  on  account  of  vertebrates  from  Tule 
C^anyon  in  Swisher  County.  In  general,  the  statement  made  by  Pro- 
fessor Cope  that  ''  Equus  beds  form  the  superficial  formation  of  the 
countiT  at  various  points  on  the  Staked  Plains  and  about  its  eastern 
esc»arpment/' *  may  be  considered  as  accurate.  However,  the  Equnn 
beds  are  by  no  means  confined  to  the  top  of  the  Llano  Estacado,  but 
occur  in  other  localities  as  well,  notably  north  of  Canadian  River. 
These  rocks  consist  of  coarse  sand,  clay,  and  gravel,  with  variable 
thickness. 

Age  of  beds. — It  is  the  experience  of  the  writer,  after  ten  seasons 
^pent  in  studying  these  deposits  in  Kansas,  Oklahoma,  Texas,  and 
New  Mexico,  that  it  is  practically  impossible  to  separate  either  the 
Tertiary  or  Pleistocene  deposits  of  the  plains  into  mappable  forma- 
tions. From  the  l>ottom  of  the  Loup  Fork  to  the  top  of  the  EquuH 
l)eds  the  general  character  of  the  rocks  changes  so  constantly  and 
with  such  extreme  irregularity  that  they  can  not  for  the  most  part  be 
differentiated  in  the  field.  Sections  made  at  about  twelve  points  in 
eastern  Colorado,  western  Kansas,  western  Oklahoma,  and  in  the 
Panhandle  of  Texas  show  such  a  marked  similarity  of  structure  that 
without  the  evidence  of  fossils  it  is  impossible  to  determine  whether 
the  rocks  belong  to  the  Miocene,  the  Pliocene,  or  the  Equnn  beds. 
Even  Professor  Hay,  who  studied  these  rocks  in  Kansas  and  applied 
to  them  the  descriptive  terms  "  Mortar  beds,"  "  Tertiary  gi*it,"  "  Ter- 
tiary marl,''  etc.,  did  not  succeed  in  differentiating  them  into  definite 
horizons.  If  it  were  possible  to  distinguish  formations  stratigraph- 
ically,  the  matter  of  classification  would  be  greatly  simplified,  but  in 
the  light  of  present  knowledge,  it  seems  not  only  inexpedient  but  even 
impossible  to  differentiate  them  structurally.  In  view  of  these  facts, 
therefore,  the  general  term  Tertiary  will  l)e  used  to  include  the 
Loup  Fork,  the  (xoodnight,  the  Blanco,  and  in  most  cases  also  the 
Tule  or  Equus  beds.  The  Equus  beds  are  classed  with  Tertiary 
chiefly,  as  stated  above,  because  these  beds  can  not  be  distinguished 
in  the  field,  nor,  indeed,  by  any  other  means  than  that  of  vertebrate 
fossils,  which  are  present  only  in  scattered  localities. 

ORIGIN  OF  THE  TERTIARY  DEPOSITS. 

With  regard  to  the  origin  of  the  Tertiary  deposits  of  the  (ireat 
Plains  two  general  theories  have  been  advanced.  The  earlier  geolo- 
gists who  studied  thest*  rocks  considered  tiiem  lacustrine  in  origin; 
Professor  Marsh,  for  instance,  described  a  great  Pliocene  lake  cover- 
ing practically  the  entire  (Jreat  Plains  area,  in  which  deposits  1,500 
feet  thick  were  laid  down.''     Professor  Cununins,  in  speaking  of  the 

•'Cope,  E.  D.,  Vertebrate  fauna  of  the  Blanco  IkhIh  :  I'ourth  Ann.  Rept.  Texas  (Jeol. 
Survey,  180.3.  p.  75. 

*  Marsh,  O.  C,  Amer.  Jour.  Sci.,  vol.  9,  Jan.,  1875,  p.  52. 
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Goodnight  l)eds,  says,  "  They  seem  to  have  been  deposited  in  a  lake 
much  more  extensive  to  the  south  than  the  Loup  Fork,  which  latter 
seems  to  have  had  its  southern  termination  here''  (at  Mulberry 
Canyon)."  Professor  Cope  has  already  been  quoted  regarding  '*  Ij&- 
custrine  terranes."  Professor  Hay  accepted  the  lake  theory,  although 
he  did  not  account  for  the  formation  of  these  supposed  bodies  of 
water.''  Later  investigations,  however,  have  led  to  the  opinion  that 
it  is  to  fluviatile  rather  than  to  lacustrine  agencies  that  we  must  look 
for  the  origin  of  the  Tertiary  deposits. 

Professor  Haworth,  in  discussing  the  Kansas  Tertiary/  observes: 
"  The  relative  positions  of  the  sand,  the  gravel,  and  the  clay  of  the 
Tertiary  over  the  whole  of  Kansas  *  *  *  correspond  much  bet- 
ter to  river  deposits  than  to  lake  deposits.  The  irregularit\'^  of 
formation  succession,  the  limited  lateral  extent  of  the  beds  of  gravel, 
sand,  and  clay,  and  the  frequent  steepness  of  the  cross-lx^dding  planes, 
all  correspond  to  river  deposits.  ♦  *  *  xhe  materials  themseh^es 
have  many  indications  of  river  deposits  and  a  very  few  of  lake  de- 
posits.'' 

Mr.  Johnson,  in  his  report  on  "  The  High  Plains  and  Their  Utiliza- 
tion,'' expresses  the  opinion  that  "  The  structure,  an  uneven  network 
of  gravel  coursers  and  elongated  l>eds  of  sand  j)enetrating  a  nias«  of 
silt  and  sand-streaked  clay,  is  the  normal  product  of  desert-stream 
work  under  constant  desert  conditions.  The  coarse  material  is  not 
regarded  as  the  product  of  necessarily  strong-running  streams  and 
the  fine  material  of  sluggish  streams,  in  alternating  epochs  of  humid 
and  dry  climate  or  of  high  and  low  inclination  of  slope,  but  as  the 
simultaneous  product  of  branching  streams  of  the  desert  habit,  here 
running  in  a  channel  aitd  there  spreading  thinly."  * 

The  only  point  at  issue  among  these  writers  seems  to  be  whether 
the  cause  of  the  deposition  of  the  material  by  the  streams  is  to  be 
sought  in  climatic  changes  which  produced  alternate  periods  of  arid- 
ity and  humidity,  or  in  deformation  movements  of  the  earth's  crust 
by  which  the  eastern  part  of  the  Great  Plains  was  elevated  and  the 
gradient  of  the  streams  lessened.  With  regard  to  this  matter  the 
writer  does  not  express  an  opinion.  The  subject  has  been  discussed 
by  Johnson,  to  whose  article  the  reader  is  referred/ 

GENERAL  CHAILXCTER  OF  THE  TERTIARY  DEPOSITS. 

It  has  been  stated  already  that  the  greater  part  of  the  rocks  con- 
sists of  clays,  sandstones,  and  conglomerates  with  clays  predoniinat- 


"  Cummins,  W.  F..  Notes  on  the  geology  of  northwest  Texas :  Fourth  Ann.  Rept.  Texas 
(ieol.  Survey,  1893,  p.  201. 

''Hay.  Robert,  Water  resources  of  a  portion  of  the  (ireat  Plains:  Sixteenth  Ann.  Rept, 
U.  S.  Geol.  Survey,  pt.  2,  18.95,  p.  571. 

<'  Haworth,  E.,  Physical  properties  of  the  Tertiary :  TTnlv.  Geol.  Survey  Kansas,  vol.  2, 
1897.   p.   283. 

•^  Twenty-first  Ann.  Rept.  U.  S.  Geol.  Survey,  pt,  4,  1901,  655. 

'  Ibid.,  chap.  2,  p.  612-656. 
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A.     EDGE  OF  TERTIARY   ESCARPMENT. 
Showing  alternation  of  hard  and  soft  beds. 


B.     PECULIAR    , FEATHERING  OF  TERTIARY  CLAY   IN    PALO  DURO  CANYON. 
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ing.  In  color  the  clays  are  normally  white,  so  white  that  when  ex- 
posed they  are  frequently  spoken  of  as  "  gyp  "  cliffs  or  "  chalk  " 
cliffs,  although  they  contain  neither  gypsum  nor  chalk.  However, 
the  color  of  the  clays  is  not  invariably  white;  it  often  grades  into 
the  various  other  light  tints.  In  structure  the  clay  is  usually  so 
soft  that  it  may  be  crushed  with  the  fingers;  but,  on  the  other  hand, 
the  more  calcareous  members  are  frequently  indurated  and  make  a 
fair  quality  of  limestone.  Occasionally  beds  are  found  full  of  white 
calcareous  lumps  or  concretions,  which  give  to  the  rock  a  mottled  ap- 
pearance. The  lime  often  cements  the  clay  together  in  the  form  of 
elongated  concretions,  which,  on  weathering,  have  a  resemblance  to 
stalactites,  as  shown  in  PI.  X,  5,  and  form  what  one  author  calls 
"  pipy  "  concretions.** 

Sand  beds  and  ledges  of  conglomerate  also  constitute  a  considerable 
part  of  the  Tertiary  and  Quaternary.  The  sand  is  usually  in  smooth, 
rounded,  white  or  yellowish  grains  and  the  material  is  of  quartz. 
The  conglomerate  is  made  up  typically  of  smooth  water-worn 
pebbles,  usually  composed  of  quartz,  granite,  porphyry,  and  other 
igneous  rocks,  varying  in  size  from  sand  grains  to  bowlders  as 
large  as  a  peck  measure.  These  pebbles  most  commonly  occur  in  beds 
or  layers  sometimes  as  much  as  25  feet  thick,  but  often  they  are  inter- 
mingled with  fine  sand  and  sometimes  sprinkled  through  the  clay 
members. 

In  a  number  of  localities  the  gravel  beds  at  the  immediate  base  of 
the  Tertiary  contain  considerable  numbers  of  water-worn  Gryphfva 
shells  of  lower  Cretaceous  age.  It  has  been  stated  that  at  the  present 
time  there  are  no  Cretaceous  rocks  exposed  betwi»en  the  red  l>eds  and 
the  Tertiary  deposits  in  this  part  of  the  Panhandle,  but  that  extensive 
Cretaceous  deposits  are  found  along  the  southern  and  western  edges 
of  the  Llano  Estacado.  Whether  these  shells  were  derived  from  the 
lower  Cretaceous  rocks  in  place,  or  were  transported  by  streams  from 
beds  farther  west,  it  is  impossible  to  determine,  but  in  the  light  of 
available  data  the  latter  supposition  seems  probable. 

The  relative  proportion  of  the  different  rocks  enumerated  above 
varies  with  the  locality,  but  it  is  probable  that  three-fourths  of  .the 
Tertiary  and  Pleistocene  material  exposed  along  the  eastern  edge  of 
the  Staked  Plains  i^  some  form  of  clay,  silt,  or  marl,  the  other  one- 
fourth  being  sand  or  conglomerate.  Farther  north,  in  Kansas  and 
Nebraska,  the  proportion  of  coarser  material  is  relatively  larger, 
often  being  more  than  one-half. 

In  all  places  on  the  plains,  so  far  as  known,  these  materials  are  ar- 
ranged in  a  heterogeneous  manner — the  clays,  sand,  pebbles,  silt, 
ctrnglomerate,  and  other  forms  of  rock  occurring  indiscriuiinately 
and  without  similarity  of  position.     In  one  place  a  s(H*tion  of  a  hill 

"  Darton,  Nelson  H.,  Report  on  the  geoloKj'  and  water  resources  of  Nebraska  west  of 
I03d  Mer. :    Prof.  Paper  U.  S.  Geol.  Survey  No.  17,  19ua,  p.  liu. 
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shows  nothing  but  clay  and  silt ;  half  a  mile  away  beds  of  sandstone 
and  gravel  occur;  and  still  farther  away  the  section  reveals  little 
besides  sand  and  conglomerate.  (PI.  X,  Jl,  ^,  exhibits  typical  Ter- 
tiary structure.) 

SAND    HILLS. 

There  are  two  general  classes  of  sand  hills  in  the  Panhandle,  those 
derived  from  the  disintegration  of  rocks  in  place  and  those  blown  bv 
the  winds  from  some  stream  channel.  The  sand  hills  of  disintegra- 
tion occur  usually  either  along  the  base  of  the  escarpment  at  the  foot 
of  the  High  Plains  or  along  the  divide  between  two  river  systems. 
The  material  of  which  these  sand  hills  are  composed  has  been  largely 
derived  in  place  by  the  disintegration  of  Tertiary  rocks.  As  the  clay 
and  silt  which  make  up  a  considerable  part  of  the  Tertiary  deposits 
were  removed  by  the  action  of  water  the  sand  and  gravel  remained 
behind  and  the  finer  materials  have  been  shaped  by  the  wind.  In 
each  of  the  four  eastern  counties  of  the  Panhandle  there  are  con- 
siderable areas  of  sand  hills  which  have  been  formed  in  this  manner. 
In  Lipscomb  and  Hemphill  counties  sand  hills  occur  along  Wolf  Creek 
and  on  the  divide  between  that  stream  and  Canadian  River.  Much 
of  AVheeler  County  is  covered  with  sand  hills,  particularly  in  the 
region  between  Sweetwater  Creek  and  North  Fork  of  Red  River.  In 
Collingsworth  County  there  is  a  region  10  to  15  miles  wide  south  of 
Salt  Fork,  extending  entirely  across  the  county,  composed  wholly  of 
these  sand  hills,  and  in  southeastern  Donley  County  there  are  large 
areas  covered  w  ith  sand  hills. 

In  the  second  class  of  sand  hills  are  those  foniied  of  w4nd-blown 
sand  derived  from  the  stream  channels.  In  the  Panhandle  region 
they  seem  to  occur  indiscriminately  on  both  the  north  and  south  sides 
of  the  various  rivers,  usually  along  the  flood  plain  between  the  chan- 
nel of  the  stream  and  the  bluffs.  Hills  of  this  character,  which  are 
composed  of  fine  white  or  yellowish  quartz  grains,  are  usually  barren 
of  vegetation,  as  shown  in  PI.  IV,  .1.  They  are  present  along 
practically  all  the  larger  streams,  particularly  along  Canadian  River 
arid  Salt  Fork  of  Red  River.     Migrating  dunes  are  not  uncommon. 

ALLUVIUM. 

Along  all  the  large  streams  in  this  region  there  have  been  deposited 
materials  of  greater  or  less  thickness  that  have  been  brought  by  the 
streams  from  higher  levels.  In  the  valley  of  Canadian  River  is  a 
broad  belt  of  bottom  land  made  up  largely  of  alluvium,  which  here 
consists  chiefly  of  fine  sand  and  clay  mixed  with  decayed  organic 
matter  and  occasional  coarser  gravels,  the  whole  constituting  a  sandy 
loam.  As  much  of  the  cla}^  is  derived  from  the  red  beds,  the  loam 
often   partakes  of  a   reddish   color.     Along  all   the   small  st^eanl^ 
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emptying  into  Canadian  Kiver  are  bottom  lands  or  flood  plains  com- 
posed of  practically  the  same  material,  and  there  are  deposits  along 
the  various  tributaries  of  Red  River.  Along  North  Fork  and  Salt 
Fork  the  bottom  lands  are  from  half  a  mile  to  a  mile  wide. 

WATER  RESOURCES. 

UNDERGROUND  WATERS. 
GENERAL   CONDITIONS. 

The  underground  waters  of  the  Panhandle  of  Texas  may  be  dis- 
cussed under  two  general  heads — red-beds  waters  and  Tertiary  waters. 
Under  the  latter  head  is  included  water  from  the  sand  hills.  The 
water  of  the  red  beds  occurs  chiefly  on  the  eroded  plains  at  the  foot 
of  the  escarpment  in  the  southern  and  eastern  part  of  the  region. 
The  water  of  the  Tertiary  is  found  on  the  High  Plains  and  in  the 
escarpment  regions — that  is,  on  the  greater  part  of  the  area  under 
discussion.  The  water  of  the  red  beds  is  limited  in  amount  and 
usually  impregnated  with  mineral  salts,  particularly  gypsum  (CaCb4) 
and  common  salt  (NaCl),  so  that  it  is  often  unfit  for  general  use, 
while  the  Tertiary  water  is  uniformly  abundant  and  almost  always 
pure  and  wholesome.  So  diflFerent  both  in  quality  and  quantity  are 
the  waters  from  these  two  horizons  that  it  seems  best  to  discuss  them 
separately. 

WATER  FROM  THE  RED  BEDS. 

Character. — WTierever  the  Permian  red  beds  are  exposed  the  water 
is  unsatisfactory  in  quality,  although  it  ordinarily  is  plentiful. 
Water  from  the  red  beds  generally  contains  appreciable  amounts  of 
mineral  salts,  which  in  many  cases  are  so  abundant  as  to  render  it 
unfit  for  general  use.  To  all  this  salt-impregnated  water  the  com- 
mon term  "  gyp  "  water  is  applied.  In  point  of  fact,  however,  much 
of  the  water  does  not  contain  any  considerable  per  cent  of  calcium 
sulphate.  A  number  of  other  mineral  salts  are  found  in  the  red 
beds,  the  most  abundant  of  which  are  sodium  chloride,  sodium  sul- 
phate, sodium  carbonate,  magnesium  carbonate,  magnesium  sulphate, 
calcium  chloride,  and  sodium  borate,  in  about  the  order  named.  In 
some  instances  all  of  these  salts  are  found  in  the  water  of  a  single 
well,  but  in  most  cases  only  two  or  three  of  them  appear  in  appre- 
ciable quantities. 

It  must  not  be  understood,  however,  that  all  the  water  from  the 
red  beds  is  bad,  for  there  are  numerous  localities  where  soft  and 
pure  water  is  found.  Especially  is  this  true  of  the  localities  where 
the  water  is  obtained  in  the  Quartermaster  formation,  which,  as  has 
l)een  stated,  consists  largely  of  soft  sandstones  and  sandy  shales.     In 
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this  formation  but  little  gypsum  occurs,  and  the  proportion  of  the 
other  mineral  salts  enumerated  above  is  not  as  great  as  in  the  rocks 
of  the  Greer  formation.  The  general  statement  may  be  made,  how- 
ever, that  water  from  the  red  l)eds  is  not  good  water. 

Occurrence, — Water  in  the  red  beds  is  usually  found  under  one  of 
two  conditions:  first,  in  sandstones  or  sandy  clay  beds,  and  second, 
in  underground  veins,  either  joints  in  the  clay  or  in  gypsum  caves. 
As  has  been  stated,  the  red  beds  consist  largely  of  red  clay  shale 
with  occasionally  interbedded  members  of  sandstone  and  gypsum. 
In  part  the  clays  are  composed  of  very  fine-grained  material  which 
is  practically  impervious  to  water.  Frequently  they  contain  a  high 
proportion  of  sand,  in  which  case  the  interstices  between  tlie  siind 
and  clay  particles  are  sufficiently  wide  for  the  seepage  of  water,  and 
it  is  from  Ix'ds  of  this  character  that  perhaps  the  greater  part  of  the 
w^ells  obtain  their  permanent  supply.  In  many  parts  of  the  red  beds, 
especially  in  the  Quartermaster  formation,  the  arenaceous  clay  beds 
become  a  true  sandstone  and  the  relatively  large  spaces  between  the 
sand  grains  afford  ready  passage  for  water. 

Many  of  the  wells,  however,  find  their  supply  not  in  sand  nor  even 
in  sandy  shales,  but,  if  the  testimony  of  drillers  is  given  credence,  in 
joints  in  the  red  clay.  Those  who  have  had  experience  in  drilling 
wells  agree  in  stating  that  while  the  greater  part  of  the  water  in  the 
red  beds  is  found  in  sand,  many  of  the  wells  penetrate  nothing  but 
the  red  clay.  It  is  not  uncommon  for  the  drill  to  strike  a  so-called 
vein  in  the  clay,  in  which  the  flow  is  so  strong  that  the  water  rises 
many  feet  before  the  tools  can  be  lifted.  It  has  been  said  that  the 
red  beds  abound  in  sink  holes  and  caves,  and  that  from  many  of  the 
caves  springs  issue.  In  a  number  of  cases  the  drill  has  been  known 
to  penetrate  these  caverns,  which  thus  become  reservoirs  for  the  wells. 
The  depth  of  wells  in  the  red  beds  varies  from  20  to  190  feet,  averaging 
60  feet. 

WATER    FROM    TERTIARY   ROCKS. 

Character, — Almost  without  exception  the  water  obtained  in  the 
Tertiary  and  sand-hills  deposits  of  the  Great  Plains  is  good.  Anal- 
yses of  water  from  a  number  of  w^ells  and  springs  in  these  forma- 
tions in  Nebraska,  Kansas,  Oklahoma,  and  Texas  have  almost  inva- 
riably shown  that  the  water  contains  little  or  no  harmful  mineral 
salts.  There  are  to  be  found  small  amounts  of  calcium  sulphate,  cal- 
cium chloride,  calcium  carbonate,  magnesium  carbonate,  and  sodium 
bicarbonate  in  the  water  of  some  of  the  wells,  but  the  average  amount 
of  mineral  salts  in  7  samples  was  but  15  grains  per  gallon.  The  water 
on  the  plains  is  almost  universally  soft,  pure,  and  wholesome,  suitable 
for  household  and  stock  use. 
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Orcifrrenre, — In  order  to  appreciate  the  underground-water  con- 
ditions of  the  High  Plains,  an  understanding  of  the  rocks  from  which 
the  water  is  obtained  is  necessary.  As  has  been  shown  under  "  Geol- 
ogy," pages  25-31,  the  Tertiary  deposits,  several  hundred  feet  thick, 
which  cover  this  region,  consist  chiefly  of  alternating  layers  of  clay, 
sand,  and  gravel.  It  is  generally  believed  by  geologists  that  the  ma- 
terial which  comprises  these  rocks  was  derived  largely  from  the  Rocky 
Mountains,  and  that  it  was  spread  out  in  the  beds  of  streams  which 
in  time  past  flowed  from  the  mountains  and  were  lost  on  the  plains. 
These  streams  left  deposits,  now  of  sand,  now  of  gravel  or  clay,  and 
now  of  pebbles,  which,  in  time,  were  covered  by  other  deposits,  some- 
times of  the  same,  but  more  often  of  other  material.  This  process 
was  continued  until  several  hundred  feet  of  alternating  beds  of  the 
various  kinds  of  rocks  were  deposited.  From  this  it  will  be  under- 
stood that  the  greater  part  of  the  beds  must  necessarily  be  irregu- 
larly lens-shaped  in  cross  section,  and  in  most  cases  will  not  be  found 
continuous  over  large  areas.  In  some  places  the  greater  part  of  the 
thickness  consists  of  clay  or  silt,  while  in  other  localities  sand  and 
gravel  predominate.  In  general,  it  is  observed  that  the  deposits  near 
the  base  of  the  Tertiary  have  a  greater  proportion  of  the  coarser 
material,  consisting  of  sand  and  gravel  l)eds,  and  that  at  a  higher 
level  they  have  clays  and  silts  in  greater  abundance. 

Most  of  the  water  of  the  High  Plains  is  known  as  "  sheet  water." 
This  is  a  term  almost  universally  used  in  the  western  part  of  the 
United  States  to  indicate  any  fairly  constant  supply  of  water  at  a 
more  or  less  uniform  depth  beneath  the  surface.  The  term  "  under- 
flow "  is  sometimes  used  to  indicate  practically  the  same  phenomenon. 
The  general  impression  seems  to  be  that  at  some  depth  beneath  the 
surface  there  is  a  regular  "  sheet "  or  ''  lake  "  of  water,  which  if 
tapped  by  a  well  will  yield  a  constant  supply.  In  some  places  two 
or  even  three  "  sheets  "  are  supposed  to  exist,  and  the  expression 
•'  first  sheet "  and  "  second  sheet,"  or  ''  first  water "  and  "  second 
water  "  are  common.  Another  prevalent  notion  is  that  the  water  in 
these  "  sheets  "  is  constantly  flowing,  stream-like,  beneath  the  surface, 
an  idea  disclosed  by  the  expression  "  the  underflow  is  to  the  south," 
or  "'  the  underflow  is  east."  Much  of  this  theory,  however,  is  errone- 
ous and  not  based  on  valid  conceptions  of  the  conditions  found  in 
the  nature  and  relations  of  the  water-l>earing  beds.  Rounded  grains 
of  sand  and  gravel  do  not  lie  close  enough  together  to  fill  all  of  the 
space,  but  have  interstices  between  them.  These  pores  or  spaces 
are  minute  reservoirs  for  the  water  which,  in  its  passage  through 
such  materials,  seeps  from  one  of  these  minute  reservoirs  to  the  next, 
and  thus  very  slowly  flows  along  underground.  This  movement  is 
called  **  underflow,"  but  it  is  not  nearly  so  rapid  as  popularly  sup- 
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posed.  Experiment  has  shown  that  even  along  stream  beds,  such 
as  the  Arkansas  River  in  western  Kansas,  the  rate  of  underflow  does, 
not  average  more  than  10  feet  a  day."  On  the  High  Plain^^,  where 
the  gradient  is  exceedingly  low,  it  is  doubtful  if  the  water  moves 
more  than  this  distance  in  a  year.  This  is  a  point,  however,  uiK>n 
which  there  are  practically  no  data,  and  estimates  may  be  misleading. 
Dry  ground,  according  to  the  theory  just  advanced,  is  ground  the 
|K)res  of  which  contain  no  water,  while  wet  or  saturated  ground  is 
that  in  which  the  pores  are  filled.  Since  water  tends  to  sink  to  the 
lowest  levels,  there  is  in  most  regions  a  certain,  but  variable,  thick- 
ness of  beds  filled  with  water  in  what  is  technically  known  as  the 
''  zone  of  saturation.''  The  upper  surface  of  this  zone  of  saturation 
is  called  the  "'  water  table,''  and  this  is  often  identical  with  the  popu- 
lar phrase  '"  sheet  water/'  Since  water  moves  so  slowly  underground, 
this  water  table  often  becomes  approximately  similar  in  contour  to 


Water  tables  Impervious  beds     Tertiary  marls^  sandstones 

and   conglomerates 

Fio.  3. — Ideal  section  of  Tertiary,  showing  flret  and  second  sheet  water. 

the  surface  of  the  ground,  being  high  on  the  divides  and  low  near  the 
streams  where  the  water  may  escape  in  sj^rings. 

Attention  has  been  called  to  the  conditions  under  which  these  beds 
were  laid  down.  As  originally  deposited  they  must  have  had  an 
irregular  outline  and  surface,  especially  w^hen  laid  down  in  swamps 
or  lakelets.  Where  the  material  is  clay  or  very  fine  sand  its  inter- 
stices are  very  minute  and  practically  impervious  to  water.  Such 
fine  deposits  are  often  overlain  by  sand  and  gravel  in  basins  or  chan- 
nels, and  these  in  turn  by  other  fine-grained  deposits  in  varying  suc- 
cession, so  that  the  alternation  in  water-bearing  and  impervious  beds 
is  most  irregular,  as  shown  in  fig.  3.  If  such  depositis  are  penetrated 
by  a  well  the  first  sand  encountered  will  supply  water,  the  quantity 
of  which  depends  upon  the  size  of  the  water-bearing  deposit,  its 
coarseness  of  grain,  the  height  of  its  edge^s,  etc.;  in  the  next  coarse 
sand  bed  a  second  water  stratum  is  found,  and  so  on  until  finally  the 
main  water  table  is  penetrated.     This  may  be  considered  a  probable 

«  Sllchter.  Chnrles  S.,  The  motions  of  nnderj^round  waters:  Water-Sup.  and  Irr.  Paper 
No.  07,  U.  S.  (Jeol.  Survey,   1902,  pp.  41-4.3. 
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explanation  of  the  "  first  and  second  water,"  "  first  and  second  she^t," 
c»t(*.  It  also  possibly  accounts  for  conditions  similar  to  the  one  found 
near  Groom,  Gray  County,  where  records  obtained  from  a  relatively 
small  area  show  well  depths  ranging  from  300  to  360  feet,  except  in 
one  well  where  water  is  obtained  at  228  feet.  This  shallower  well 
probably  finds  its  source  of  supply  in  one  of  these  buried  basins. 

Wells  throughout  the  Tertiary  area  usually  secure  water  at  depths 
varying  from  20  to  500  feet.  On  the  High  Plains  the  average  of 
twenty  wells,  taken  at  random  from  half  a  dozen  counties,  was  258 
feet.  The  deepest  wells  are  found  along  the  line  of  the  Santa  Fe 
Railroad  on  the  high  divide  south  of  Canadian  River,  in  Carson  and 
Gray  counties,  where  the  wells  are  from  350  to  500  feet  deep.  On 
the  High  Plains  in  Hansford,  Ochiltree,  and  Lipscomb  counties, 
north  of  Canadian  River,  the  average  depth  is  240  feet.  In  Arm- 
strong County,  along  Prairie  Dog  Fork  of  Red  River,  the  average 
depth  is  less  than  200  feet.  In  certain  parts  of  the  region,  notably  in 
Hansford'  and  Carson  counties,  the  driller  sometimes  fails  to  obtain 
a  water  supply,  and  instances  are  reported  where  the  entire  thickness 
of  the  Tertiary  has  been  penetrated  without  finding  an  adequate 
amount.  It  is  the  experience  of  drillers  that  if  the  ''  red  clay  " 
(evidently  red-beds  clay)  is  encountered  without  finding  a  sufficient 
iimount  of  water,  it  is  useless  to  go  deeper. 

SOURCE  OF  THE  UNDERGROUND  WATER. 

Local  precipitation  is  the  source  of  the  underground  water  of  the 
High  Plains.  The  rainfall  at  Amarillo,  Tex.,  a  few  miles  west  of 
the  region  here  discussed,  averaged  21.94  inches  annually  for  a  period 
of  twenty  years. 

Rainfall  on  the  surface  of  the  earth  is  disposed  of  chiefly  by  evap- 
oration, run-oflf,  and  sinking,  or  seepage  into  the  ground.  It  is  esti- 
mated that  in  general  the  amount  of  water  disposed  of  in  each  of  the 
three  ways  is  about  equal,  but  the  relative  amounts  in  different  regions 
depend  upon  several  local  conditions.  For  instance,  on  a  steep  slope 
the  greater  part  runs  off;  in  a  warm,  arid  climate  the  greater  part 
evaporates,  while  in  loose  soil  the  greater  part  soaks  in. 

On  a  considerable  part  of  the  Great  Plains,  where  the  surface  is 
level  and  the  drainage  systems  undeveloped,  there  is  no  run-off,  and 
the  rainfall  is  either  absorbed  by  the  ground  or  evaporates.  After  a 
rain  the  water  which  does  not  evaporate  immediately  or  is  not  ab- 
sorbed by  the  ground  accumulates  in  broad,  shallow  depressions  on 
the  surface,  known  as  ""  buffalo  wallows,"  or  "  lakes/'  and  there  re- 
mains until  it  evaporates.  Johnson  estimates  that  not  more  than  3 
or  4  inches  annually  soak  into  the  ground,  an  amount  which  would 
not  saturate  more  than  about  1  foot  of  sandy  strata."    This  estimate 

« Johnson,  Willard  D.,  The  High  Plains  and  their  utilization:  Twenty-second  Ann. 
Rept.  U.  S.  Oeol.  Survey,  pt.  4,  1002,  p.  646. 
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of  the  amount  of  water  absorbed  seems  rather  small, 
but  in  all  probability  not  moi'e  than  <>  inches  of 
rainfall  are  added  to  the  ground  water  each  year. 

TlIK    WATER    TABLE. 

As  stated  on  page  34,  the  "  water  table  *'  or  '*  water 
plane  ''  is  the  subsurface  plane  l)eneath  which  the 
ground  is  saturated  with  water;  in  other  words,  the 
level  at  which  the  top  of  the  ground  water  stands. 
It  varies  constantly  from  place  to  place,  from  year 
to  year,  and  even  from  day  to  day.  It  is  supplied 
chiefly  from  rainfall  and  is  lowered  when  the  water 
is  removed,  as,  for  instance,  in  the  case  of  springs, 
by  artesian  wells,  or  by  heavy  pumping.  Ordinarily 
it  is  at  a  considerable  distance  below  the  surface, 
but  occasionally  it  reaches  the  surface  level,  as  in 
springs,  swamps,  or  marshes. 

On  the  High  Plains  the  water  table  is  located  at 
the  upi)er  point  of  saturation  of  the  pervious  beds. 
Well  records  show  that  this  water  level  for  the  High 
Plains,  as  a  whole,  averages  approximately  250  feet 
l)elow  the  surface.  So  far  as  known,  this  level  is 
fairly  constant,  the  amount  of  water  taken  away  by 
springs  and  wells  being  approximately  equaled  by 
the  amount  added  each  year  by  precipitation.  Fig.  4 
shows  an  east -west  section  of  the  plains  and  the  posi- 
tion of  the  water  table. 

USE   OF   W^TNDMTLI^. 

As  the  Panhandle  is  chiefly  a  grazing  country, 
most  of  the  wells  have  been  put  down  for  the  pur- 
pose of  furnishing  water  for  cattle.  On  the  greater 
number  of  the  larger  ranches  wells  are  located  2J  to 
3  miles  apart,  and  windmills  are  almost  universally 
used  to  bring  the  water  to  the  surface. 

Often  upon  the  prairie  the  only  object  in  view  to 
indicate  that  the  locality  is  inhabited  is  a  solitar}' 
windmill.  These  mills  are  placed  upon  toweiN  20 
to  30  feet  high,  constructed  of  wood  or  steel.  All 
types  of  factory-made  turbines  are  used,  but  the 
steel  mill  with  a  wheel  8  to  10  feet  in  diameter 
seems  to  be  most  effective  for  general  purposes. 
Larger  wheels,  some  even  20  feet  in  diameter,  are 
fTg.  4.-Eiust-wost  fH'o-  employed  to  elevate  the  water  for  the  entire  siip- 
tion  of  High  piainH,     ply  of  somc  of  the  hirijer  towns,  as,  for  instance, 

Khowinp  iK>sition   of      *    '  __  ,     ^    ,   .,  ,-r^,      -«^-r        -    x        ^       ^.i. 

water uii.ie.  Panhandle  and  Ochiltrc^e.      (Pi.  XI,  ^.)     On  the 
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raii^o  the  water  is  pumped  into  large  steel  or  wooden  vats  or  into 
shallow  hasnis  (locally  Called  '^tanks'')  excavated  in  the  ground  or 
formed  hv  dannning  a  shallow  draw.  These  tanks  are  of  variou?^ 
sizes,  l)ut  ordinarily  they  have  a  capacity  of  several  thousand  bar- 
rels and  are  very  serviceable,  since  the  soil  is  of  such  nature  that  when 
thoroughly  compact  and  saturated  it  permits  but  little  seepage. 
Typical  views  of  windmills  and  tanks  are  shown  in  PI.  XI,  .4,  B, 
The  mill  is  allowed  to  operate  continuously,  and  is  visited  occasionally 
by  a  rider  for  purposes  ()5F  repairs  or  oiling.  Wind  is  such  a  con- 
stant factor  on  the  plains  that  little  concern  is  felt  regarding  the 
power  to  raise  the  water,  and  in  very  few  instances  are  provisions 
made,  or  are  other  means  necessary,  for  lifting  it.  In  a  few  in- 
stances gasoline  engines  are  installed  for  use  in  case  of  emergency. 
In  the  Panhandle  a  week  seldom  passes  without  wind  to  drive  the 
mills  so  that  they  will  supply  sufficient  water  for  the  stock. 

DEEP-SEATED    WATERS. 

The  project  of  obtaining  artesian  water  in  various  parts  of  the 
Panhandle,  particularly  in  the  red-beds  areas  at  the  foot  of  the  High 
Plains,  is  often  considered.  In  general,  the  arguments  advanced  in 
favor  of  the  project  are  based  on  the  mistaken  idea  that  there  is  an 
underground  source  of  supply  from  the  High  Plains  or  the  Rocky 
Mountains. 

From  what  has  been  stated  already  it  will  be  understood  that  the 
water  supply  of  the  High  Plains  is  derived  wholly  from  the  rainfall, 
and  while  the  part  which  sinks  into  the  ground  and  is  added  to  the 
ground  w^ater  may  amount  to  5  or  6  inches  a  year,  the  geologic  struc- 
ture is  not  favorable  for  artesian  conditions.  Between  the  Tertiary 
and  the  underlying  red  l)eds  there  is  everywhere  a  pronounced  uncon- 
formity, and  the  rocks  of  the  red  l)eds  beneath  this  unconformity  are 
composed  chiefly  of  impervious  clays  and  shales,  through  which  the 
water  can  not  pass  readily.  These  conditions,  then,  preclude  the 
probability  of  artesian  water  supply  having  its  source  on  the  High 
Plains. 

That  the  Rocky  Mountains  are  a  source  for  an  artesian  supply 
through  the  red  l^eds  is  also  improbable.  These  red  beds,  which  are 
covered  by  the  Tertiary  of  the  High  Plains,  reappear  in  New  Mexico 
beyond  the  western  escarpment  of  the  plains,  and  are  exposed  along 
the  ea.stern  base  of  the  mountains  at  a  higher  altitude  than  in  the 
region  east  of  the  plains  escarpment.  Some  of  these  l)eds  are  coarse- 
grained, and  doubtless  they  contain  water  in  some  places,  but  whether 
they  could  be  reached  by  deep  wells  and  would  yield  water  in  the 
Panhandle  region  remains  to  be  determined.  Their  general  relations 
are  shown  in  PI.  II  and  fig.  H.     In  the  e^istern  part  of  the  Panhandle 
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these  beds  must  be  very  deep  seated,  probably  more  than  2,000  feet, 
and  the  drill  has  never  reached  this  depth  in  the  red  beds  anywhere 
in  this  part  of  the  plains.  The  only  place  where  the  red  beds  have 
been  well  explored  is  along  their  eastern  margin  in  eastern  Oklahoma, 
where,  however,  artesian  water  was  not  found. 

At  Childress,  Tex.,  20  miles  south  of  the  southeastern  corner  of  the 
region  discussed,  the  Fort  Worth  and  Denver  City  Railroad  has 
drilled  a  well  to  a  depth  of  1,300  feet  in  search  of  water  for  engines 
and  shops.  From  the  surface  to  the  botfom  of  the  well  the  drill 
passed  through  nothing  but  red  clay  shales  containing  a  few  ledges 
of  sandstone  and  gypsum.  Several  horizons  of  salt  water  were  en- 
countered, but  no  fresh  water  was  obtained. 

At  a  number  of  points  in  Oklahoma  wells  have  been  drUled  in 
search  of  coal,  oil,  gas,  and  water,  but  so  far  artesian  supplies  have 
never  been  found.  At  Fort  Reno  the  Government  s\mk  a  well  to  the 
depth  of  1,400  feet  in  search  of  water  for  the  post,  but  none  was 
secured.  Near  Oklahoma  City  a  well  2,050  feet  deep  passed  out  of 
the  red  beds  at  1,550  feet.     No  artesian  water  was  found. 

From  all  data  at  hand  the  conclusion  must  be  drawn  that  the 
(chances  are  very  poor  for  finding  artesian  water  in  the  red  beds  under 
the  plains.  The  red  beds  present  difficulties  to  very  deep  drilling 
which  usually  have  been  insurmountable,  and  if  artesian  water  does 
exist  in  the  lower  members  of  this  series  it  is  doubtful  if  it  can  be 
reached  at  a  cost  which  would  be  generally  profitable.  However,  it 
is  to  Ik*  hoped  that  at  some  time  the  experiment  will  be  tried  of  te,st- 
ing  all  of  the  red-bed  strata. 

SPRINGS. 

There  are  in  the  region  under  discussion  two  general  classes  of 
springs — those  from  the  red  beds  and  those  from  the  Tertiary  and 
sand  hills.  Both  in  amount  of  flow  and  in  character  of  water  these 
springs  differ  considerably,  and  for  that  reascm  it  is  thought  best  to 
(l(»scribe  the  two  classes  separately. 

RED-BEDS    SPRINGS. 

Springs  in  the  red  beds  are  of  infrequent  occurrence,  and  those 
present  are  rarely  strong.  They  may  be  classified,  according  to  the 
character  of  their  water,  as  salt  springs,  gypsum  springs,  and  fresh- 
water springs. 

Salt  springs. — Along  the  branches  of  Red  River,  Prairie  Dog, 
Salt,  and  Elm  forks,  there  are  a  number  of  weak  salt-water  springs, 
often  little  more  than  seeps.  The  horizon  from  which  the  water  conies 
is  usually  near  the  base  of  the  Greer  formation.  On  Elm  Fork  of  Red 
River  in  western  Greer  County,  Okla.,  5  miles  east  of  the  Texas  line. 
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there  are  two  salt  plains  of  considerable  size,  fed  by  a  number  of 
strong  salt  springs,  the  combined  flow  of  which  approximates  hmi- 
tlreds  of  thousands  of  gallons  of  salt  water  a  day.  No  springs  as 
strong  as  these  are  found  in  any  part  of  the  Panhandle.  Some  salt 
springs  occur,  however,  but  so  far  as  known  the  salt  brine  pf  Texas 
springs  is  not  used,  and  it  is  not  probable  that  the  salt  water  of  the 
Panhandle  will  ever  be  utilized,  on  account  of  the  much  larger 
amounts  near  at  hand  in  Oklahoma. 

Gypsum  springs, — Practically  all  the  gypsum  springs  in  the  Pan- 
handle issue  either  from  beneath  or  in  close  proximity  to  the  massive 
gypsum  ledges  that  make  up  a  considerable  part  of  the  Greer  forma- 
tion. Such  springs  occur  along  Elm  Fork  of  Red  River  in  Collings- 
worth County  and  on  the  branches  of  Prairie  Dog  Fork  in  Col- 
lingsworth, Donley,  and  Armstrong  counties.  Sometimes  these 
springs  are  mere  wet-weather  seeps,  but  in  a  number  of  cases  they 
are  strong,  boiling,  perennial  springs  derived  from  undergroimd 
streams,  flowing  from  beneath  ledges  of  white  gypsum. 

Fresh-water  springs. — The  greater  number  of  the  fresh- water 
springs  of  the  red  beds  issue  from  the  Quartermaster  formation, 
which,  as  has  been  stated,  consists  largely  of  sandstone  and  sandy 
shale,  with  but  little  gypsum  or  other  mineral  salts.  The  conditions 
are  ideal  for  springs,  provided  there  is  a  source  of  supply,  and  in  a 
region  of  greater  rainfall  a  large  number  might  be  expected  to  exist. 
In  the  Panhandle,  however,  the  number  is  small.  In  the  Quarter- 
master formation  there  are  very  few  bold  flowing  springs.  This  is 
due  to  the  peculiar  lithologic  character  of  the  rocks,  mostly  soft  sand- 
stones and  sandy  clays,  which,  as  stated  on  page  21,  usually  weather 
into  peculiar  rounded  knobs  and  buttresses  and  into  narrow  canyons. 
It  is  in  the  latter  that  the  springs  occur,  and  it  is  not  uncommon 
to  find  at  the  head  of  a  little  canyon  an  outcropping  ledge  of  sand- 
stone, beneath  which  the  water  seeps  out  of  the  bank.  The  flow  is 
rarely  strong,  but  it  is  often  very  persistent,  and  the  water  usually 
accumulates  to  form  a  tiny  rill  in  the  bottom  of  the  canyon.  Ranch- 
men and  farmers  frequently  take  advantage  of  the  soft  rock  to  hollow 
out  a  small  basin,  in  which  the  water  collects,  often  in  quantities 
sufficient  to  supply  a  farmhouse,  or  even  to  furnish  water  for  a  num- 
ber of  cattle. 

Springs  are  occasionally  found  in  the  Dockum  beds,  issuing  from 
beneath  ledges  of  sandstone  or  from  under  the  conglomerate  mem- 
bers. These  springs  are  usually  weak  and  unimportant  and  so  far 
as  noticed  not  utilized.  This  latter  fact  may  be  attributed  chiefly  to 
their  inaccessibility,  for  the  Dockum  is  exposed  only  along  the  steep 
escarpment  at  the  foot  of  the  High  Plains. 
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TERTIARY    SPRINGS. 

Throughout  Iht*  Ili^h  Phi  ins  region  the  Tertiary  deposits  yiehl 
nuiuerous  springs,  wliich  aie  always  of  good  water  and  have  long 
lM*en  most  advantageous  to  the  si^ttlers  and  travelers.  Camps,  forts, 
farms,  and  even  cities  have  lx>en  located  with  reference  to  the  prox- 
imity of  a  Tertiary  spring  or  spring-fed  creek.  In  the  Texas  Pan- 
handle there  are  thousands  of  such  springs.  They  are  found,  usually 
in  great  numbers,  in  every  one  of  the  twelve  counties  described  in 
this  report. 

The  source  of  supply  of  the  Tertiary  springs  is  chiefly  in  the 
ground  water,  otherw  ise  called  the  **  sheet  water,"  or  **  underflow," 
of  the  High  Plains,  and  they  are  usually  found  where  deep  canyons 
have  l)een  cut  into  the  highlands. 

Not  infrequently  springs  occur  at  the  line  of  contact  between  the 
Tertiary  deposits  and  the  clay  strata  of  the  upper  part  of  the  red  beds. 
This  condition  is  due  to  the  ready  seepage  of  water  through  the 
Tertiary  sands  to  the  top  of  the  impervious  red  bedft,  where  it  flows 
laterally  until  it  reaches  the  surface.  Many  of  these  contact  springs 
do  not  issue  from  a  single  o{:)ening,  but  the  water  finds  its  escape 
along  a  zone  of  seepage  extending  sometimes  for  hundreds  of  yards 
nlong  the  side  of  a  cliff.  In  such  cases  the  amount  of  water  dis- 
charged at  any  one  place  is  not  large,  but  the  aggregate  is  often 
considerable. 

Excellent  springs  frequently  occur  in  the  sand  hills  at  the  con- 
tact of  the  sand  and  the  relatively  impervious  underlying  strata. 
The  flow  from  these  sand-hill  springs  is  seldom  strong,  but  the  water 
is  pure  and  wholesome.  Springs  of  this  type  occur  chiefly  in  the 
sand-hill  regions  of  the  four  eastern  counties. 

In  a  region  where  the  underground  supply  is  scanty  the  water 
that  issues  from  springs  is  necessarily  limited  in  amount.  Very  few 
of  the  springs  discharge  half  a  second-foot  of  water,  and  perhaps  the 
greater  number  of  them  will  not  average  one-tenth  of  that  amount. 
The  water  usually  flows  but  a  shoit  distance  and  then  disappears  in 
the  sand.  AAliere  there  are  a  number  of  strong  springs  in  a  locality 
the  water  unites  to  form  a  small  creek,  which  is  sometimes  perennial, 
but  usually  intennittent. 

STREAMS. 
rLAS8IFK'ATU)N   OF   DRAINAGE. 

The  drainage  of  this  region  flows  into  Mississippi  River.  The 
water  from  the  northern  part  of  the  area  flows  into  either  the  Cana- 
dian or  the  Xorth  Fork  of  the  Canadian,  tributaries  of  Arkansas 
River,  while  the  water  from  the  southern  part  reachas  Red  River. 
The  drainage  nuiy  be  classified  as  follows: 
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Xorf/i  Fork  of  Canadhu}  drmnmje. — Coldwater,  Palo  Diiro,  and 
AVolf  creeks  are  tributary  to  North  Fork  of  Canadian  River. 

Canudmn  drainage, — Canadian  River  flows  northeast  across  this 
region  into  Oklahoma,  traversing  Hutchinson,  Roberts,  and  Hemphill 
counties.  It  receives  as  tributaries  a  number  of  small  creeks  which 
rise  on  the  plains  both  north  and  south  of  the  river,  cutting  their  way 
through  the  escarpment  and  entering  the  river  nearly  at  right  angles. 
The  width  of  the  basin  from  watershed  to  watershed  averages  not 
more  than  35  miles. 

Red  River  drainnge, — Five  main  branches  of  Red  River  either 
rise  in  or  pass  through  this  part  of  the  Panhandle.  Beginning  on 
the  north  they  are  as  follows:  (1)  AVashita  River,  which  in  Oklahoma, 
and  Indian  Territory  becomes  a  stream  of  considerable  size,  rises  in 
southwestern  Hemphill  County  and  flows  east;  (2)  North  Fork  has 
its  source  in  Gray  County  and  flows  east  across  AATieeler  County  into 
Oklahoma;  (3).  Elm  York  has  its  origin  in  northwestern  Collings- 
worth County  and  flows  southeast;  (4)  Salt  Fork  rises  in  northern 
Armstrong  County  and  flows  east  across  Collingsworth  County 
}>efore  reaching  Oklahoma;  (5)  Prairie  Dog  Fork  rises  on  the  High 
Plains  far  to  the  west,  and  in  this  region  flows  through  Palo  Duro 
Canyon  across  the  southwest  corner  of  Armstrong  County.  These 
fcmr  branches.  North,  Elm,  Salt,  and  Prairie  Dog  forks  join  at  the 
southeast  corner  of  Greer  County.  Okla.,  forming  Red  River,  a 
tributary  of  Mississippi  River. 

str*:amh  in  dktail. 

Coldwater  Creek. — In  its  upper  course  this  stream  is  known  as 
Rabbit  Ear  Creek,  from  the  fact  that  it  rises  near  the  Rabbit  Ear 
Mountains,  two  volcanic  peaks  in  northeastern  New  Mexico.  It  flows 
southeast  across  Dallam  and  Sherman  counties,  then  turning  north- 
east crosses  the  northwest  corner  of  Hansford  County,  passes  int<) 
Beaver  County,  Okla.,  and  empties  into  Beaver  Creek  at  the  town  of 
Ilardesty.  In  its  course  through  Hansford  County  it  has  cut  a 
canyon  1  to  8  miles  wide  and  approximately  100  feet  deep  into  the 
Tertiary  rocks  of  the  High  Plains.  The  stream  is  fed  by  Tertiary 
springs.     Consequently  its  water  is  fresh. 

Palo  Duro  Creek, — This  stream  flows  diagonally  across  Hansford 
County  from  southwest  to  northeast.  It  is  a  typical  High  Phiius 
stream.  Rising  on  the  level  prairie,  it  soon  begins  to  cut  a  trench, 
which  becomes  deeper  and  wider  until  in  Hansford  County  it  is  a 
canyon  1  to  8  miles  wide  and  100  feet  Inflow  the  level  of  the  plains. 
Oidy  in  parts  of  its  course  is  there  water  the  year  around.  At  Hans- 
ford, the  county  seat,  the  stream  is  dry  except  after  heavy  rains,  but 
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15    miles   downstream    running   water   appears.     This   stream    also 
empties  into  Beaver  Creek  in  Beaver  County,  Okla. 

Wolf  Creek, — Wolf  Creek  rises  on  the  High  Plains  a  few  miles 
southwe^st  of  Ochiltree,  the  county  seat  of  Ochiltree  County,  and  flows 
cast  across  Ochiltree  and  Lipscomb  counties  into  Woodward  County, 
Okla.  At  old  Fort  Supply  it  joins  Beaver  Creek,  forming  North 
Fork  of  Canadian  River.  In  its  upper  course  it  has  cut  a  narrow  can- 
yon with  precipitous  bluffs.  Farther  down  it  passes  out  of  the  High 
Plains  and  enters  the  sand-hills  region,  where  the  bed  is  wide  and 
sandy.  The  creek  is  fed  by  small  branches — Camp,  Willow,  Cotton- 
wood, Plum,  Mammoth,  and  others — the  water  of  which  comes  from 
Tertiary  springs  among  the  sand  hills.  Wolf  Creek  has  the  reputa- 
tion among  the  cattlemen  of  l>eing  the  most  constant  stream  in  the 
Panhandle. 

Canudian  River, — ^The  largest  stream  in  the  Panhandle  of  Texas, 
Canadian  River,  has  its  headwaters  among  the  high  peaks  of  the 
Rocky  Mountains  in  northern  New  Mexico.  In  its  upper  course  it 
receives  a  number  of  tributaries  which  are  fed  by  mountain  springs. 
After  leaving  the  mountains  it  flows  southeast  first  across  a  plain 
composed  of  uppi»r  Cretaceous  rocks,  then  for  nearly  100  miles 
through  a  canyon  500  to  800  feet  deep  in  the  Dakota  sandstone, 
finally  reaching  the  red-beds  plain  in  the  region  north  of  Tucumcari, 
N.  Mex.  At  this  point  it  changes  its  direction  to  the  northeast  and 
so  flows  out  of  New  Mexico  and  across  the  Panhandle  of  Texas  into 
Oklahoma,  where  it  again  turns  southeast,  finally  joining  Arkansas 
River  in  the  eastern  part  of  Indian  Territory.  Of  the  700  miles  of 
its  courst*  only  alK>ut  100  miles  are  included  in  the  part  of  the  Pan- 
handle under  discussion.  Across  this  region  it  flows  in  a  broad  curve, 
convex  to  the  north,  crossing  southeastern  Hutchinson,  northern 
Roberts,  and  middle  Hemphill  counties  before  passing  into  Okla- 
homa. Throughout  this  distance  the  river  has  cut  a  broad  canyon  in 
the  High  Plains.  In  places  the  headlands  between  the  tributary 
creeks  approach  almost  to  the  river,  but  at  most  points  the  flood  plain, 
usually  a  sandy  flat,  is  2  to  4  miles  wide.  The  channel  of  the  river 
itself  is  a  sand  bed  averaging  three-quarters  of  a  mile  in  width. 

Canadian  River  is  perliaps  more  treacherous  than  any  other 
stream  of  the  plains.  The  stream  is  either  dry  or  a  raging  torriMit. 
The  river  may  have  been  dry  for  weeks  at  a  time,  when  suddenly, 
without  waf'iiing,  a  wall  of  water  several  feet  high  rushes  down  the 
channel,  sweeping  everything  before  it,  and  for  a  number  of  days 
the  river  continues  high,  then  gradually  subsides,  following  this 
periiMl  of  abnormal  flow  the  sand  in  the  stream  becomes  "quicksand/" 
or  loose  Siind  wliich  appears  firm  but  gives  way  suddenly  under  foot, 
rendering  the  stream  extremely  dangerous  to  cross.     Many  a  herd  of 
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cattle  has  been  mired  in  Canadian  River,  and  every  year  loaded 
wagons  and  even  teams  are  abandoned.  The  cause  of  the  sudden 
and  rapid  rises  is  not  yet  fully  understood,  but  most  of  them  are 
caused  by  heavy  rains  near  the  head  of  the  stream. 

Such  sudden  rises  are  not  confined  to  the  Canadian  River,  or  to  the 
larger  streams,  for  the  small  streams  exhibt  the  same  phenomena, 
though  on  a  much  diminished  scale.  PI.  XII,  Aj  5,  shows  a  rise 
which  occurred  on  Red  Deer  Creek,  a  tributary  of  the  Canadian, 
at  Miami,  Roberts  County,  August  16,  1904.  The  town  lies  in 
a  rather  narrow  valley  cut  by  the  stream  into  the  High  Plains. 
There  had  been  no  rain  at  Miami  for  several  weeks  and  the  bed 
of  the  creek  was  a  dry  sand  flat.  A  heavy  rain  occurred  at  the 
head  of  the  creek  a  few  miles  southwest,  and  two  hours  later  the 
water  came  down  the  stream  channel,  a  narrow  tongue  of  white 
foam,  as  shown  in  PI.  XII,  A.  This  was  followed  by  a  wall  of 
turbid,  yellow  water  that  filled  the  banks  of  tho  stream.  In  half  an 
hour  the  flood  was  at  its  highest,  a  seething,  foam-capped  torrent. 
By  next  morning  the  water  had  disappeared  except  from  a  few  pools 
in  the  channel,  as  shown  in  PI.  XII,  5,  and  by  noon  even  these  were 
dry. 

Canadian  River  does  not  receive  any  large  tributaries  in  its  course 
across  the  plains.  In  three  counties  which  it  crosses  in  the  region 
to  which  this  report  relates  there  are  a  number  of  small  creeks,  none 
more  than  25  miles  long,  emptying  into  the  river.  Of  these  the  most 
important  are  Spring,  Kit  Carson,  Dixon,  Antelope,  Blue  Bear,  Wal- 
nut, Buffalo,  White  Deer^  and  Red  Deer,  all  of  which  rise  on  the  High 
Plains  and  cut  their  way  through  the  escarpment  before  reaching  the 
river. 

Washita  Rirer, — Only  the  upper  course  of  Washita  River  is  in 
Texas,  where  it  is  a  small  creek,  not  differing  from  scores  of  others 
which  take  their  rise  in  the  escarpment  and  sand-hill  regions.  It 
flows  east  across  the  southern  part  of  Hemphill  County.  Farther 
east  in  Oklahoma  the  valley  of  the  Washita  lies  almost  entirely  in 
the  red  beds,  and  it  is  there  known  as  the  muddiest  stream  of  the 
plains.  In  Hemphill  County,  Tex.,  however,  it  has  not  yet  cut 
through  the  Tertiary,  and  is  here  a  clear,  fresh-water  stream. 

North  Fork  of  Red  Riner, — This,  the  northernmost  of  the  four 
branches  which  make  up  the  Red  River,  rises  on  the  High  Plains,  in 
Carson  County,  breaks  through  the  escarpment  in  Gray  County,  and 
flows  northeast  into  Wheeler  County,  then  southeast  into  Oklahoma. 
East  of  the  Gray-Wheeler  county  line  the  stream  has  cut  through  the 
Tertiary  deposits  and  into  red  beds,  which  are  here  exposed  along  its 
north  bank,  while  on  the  south  side  sand  hills  occur.  Across  (Jray 
and  Wheeler  counties  the  bed  of  North  Fork  is  sand  choked  and  has 
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a  surface  flow  only  part  of  the  year.  The  chief  tributaries  of  North 
Fork  are  McClellan  Creek,  which  drains  southern  Gray  County, 
emptying  near  the  AATieeler  County  line,  and  Sweetwater  Creek, 
which  drains  northern  AVTieeler  County  and  passes  into  Oklahoma 
l)efore  joining  the  main  stream.  All  of  these  streams  are  fed  by 
Tertiary  springs,  and  even  where  the  surface  sand  is  dry  water  may 
usually  be  obtained  by  digging  a  few  feet. 

Elm  Fork  of  Red  River, — Northern  Collingsworth  and  southern 
A\Tieeler  counties  are  drained  by  Elm  Fork,  which  rises  along  the 
escarpment,  but  soon  reaches  the  red  beds,  across  which  it  flows  for 
the  greater  part  of  its  course  in  Texas.  The  water  of  the  upper 
branches  is  derived  from  the  Tertiary  springs  in  the  sand  hills  along 
the  escarpment,  but  as  soon  as  the  river  enters  the  red-beds  forma- 
tions, gypsum  and  salt  water  flow  into  it,  until  by  the  time  it  reaches 
the  Oklahoma  line  the  water  has  lost  lis  purity.  Shortly  after 
entering  Greer  County  it  receives  water  from  a  number  of  salt 
springs,  and  from  that  point  is  considered  to  contain  the  saltiest 
water  of  any  stream  of  the  plains. 

Salt  Fork  of  Red  River. — Salt  Fork  is  a  typical  stream  of  the 
plains.  It  rises  far  out  on  the  Llano  Estacado  in  southern  Carson 
County,  crosses  northeastern  Armstrong  County,  and  flows  entirely 
across  Donley  and  Collingsworth  counties  before  reaching  the  Okla- 
homa line.  In  its  upper  course  it  is  but  a  shallow  draw  in  the  level 
prairie,  but  eastward  it  soon  flows  in  a  trench,  and  10  miles  from  its 
source  this  deepens  into  a  canyon  with  cliffs  of  white  Tertiary  beds. 
Up  to  this  point  the  stream  receives  no  w^ater  except  the  run-off,  but 
a  few  miles  lower  in  its  course  it  reaches  the  Tertiary  springs  level 
and  has  a  surface  flow  the  greater  part  of  the  year.  Eastward  the 
bed  widens  and  becomes  sand  choked,  until  in  central  Donlej'  Comity, 
north  of  Clarendon,  it  cuts  through  the  lower  members  of  the  Tertiary 
and  enters  the  red  beds.  From  that  point  almost  to  Mangum,  in 
Greer  County,  Okla.,  it  flows  between  red-beds  bluffs  on  the  north  side 
and  sand  hills  on  the  south  side.  It  is  a  sandy,  treacherous  stream, 
dangerous  to  cross  except  w  hen  low. 

Prairie  Dog  Fork  of  Red  River, — This  stream  flows  southwest- 
ward  across  Armstrong  County  in  Palo  Duro  Canyon,  which  has 
been  discussed  under  "  Topography,"  page  12.  This  canyon  is  jjer- 
haps  the  most  notable  canyon  in  the  High  Plains,  Near  its  month 
the  walls  are  approximately  1,000  feet  high,  composed  of  red  beds 
in  the  lower  part  and  of  Tertiary  deposits  above.  Several  creeks 
are  tributary  to  this  stream,  the  chief  of  which,  Spillers  and  Mul- 
berry creeks,  drain  i)arts  of  southern  Collingsworth  and  Donley 
counties.  These  streams  do  not  differ  nuiterially  from  others  in  this 
i-egion.  Spillers  Creek  rises  in  the  sand  hills  of  Collingsworth 
County  and  flows  southeast  across  the  red  beds  into  Childress  County 
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before  joining  Prairie  Dog  Fork.  Mulberry  Creek  rises  on  the  High 
Plains  and  has  cut  a  deep  canyon  entirely  through  the  Tertiary  to  a 
depth  of  several  hundred  feet  into  the  red  beds. 

DRAINAGE  Ot^  THE  HIGH  PLAINS. 

From  what  has  been  said  it  will  be  understood  that  there  is  a  con- 
siderable portion  of  the  Panhandle  which  has  no  developed  drainage; 
in  other  words,  from  a  great  part  of  the  High  Plains  there  is  no  run- 
off. The  headwaters  of  the  various  small  streams  tributary  to  Cana- 
dian or  Red  rivers  have  cut  into  the  slope  of  the  escarpment,  but  so 
far,  except  in  a  few  isolated  localities,  the  flat  upland  has  not  yet 
been  invaded  and  remains  still  uneroded.  It  is  graphically  described 
by  Johnson,^  who  says  the  plains  are  the  remnants  of  an  old  debris 
apron,  unscored  by  drainage,  yet  standing  in  relief. 

Scattered  at  irregular  intervals  on  this  flat  surface  are  saucer- 
shaped  depressions,  in  which  water  collects.  In  size  these  depres- 
sions vary  from  the  ordinary  "  buffalo  wallow,"  a  few  feet  across 
fPl.  XIII,  ^),  to  lakes  hundreds  of  rods  in  diameter  (PI.  XIII,  B). 
In  a  few  instances,  particularly  in  localities  near  the  edge  of  the 
plain,  the  basins  are  deep  and  bowl  shaped,  as  shown  on  PI.  XIV,  B. 
Often  the  lakes  are  perennial  and  afford  an  abundant  supply  of  stock 
water  the  year  round ;  others  are  ephemeral,  being  filled  by  rains  but 
soon  becoming  dry,  while  still  others  contain  water  part  of  the  year. 
These  lakes  occur  with  no  regularity.  In  some  localities  on  the  High 
Plains  there  are  none  of  these  basins  for  miles,  while  in  other  sections 
there  are  scores  of  them  in  a  single  tow  nship.  PI.  XV  represents  the 
conditions  on  the  High  Plains  in  parts  of  Carson  and  Gray  counties. 

Many  of  the  larger  depressions  have  extensive  drainage  basins, 
which  sometimes  collect  the  water  from  a  number  of  square  miles. 
Small  prairie  streams  receive  the  run-off  from  the  outer  part  of  the 
basin  and  lead  to  the  lake.  It  is  not  infrequent  in  traversing  the 
High  Plains  to  encounter  a  sag  in  the  surface  along  which  storm 
water  is  carried  to  a  near;^by  lake.  These  small  stream  beds,  how- 
ever, rarely  exceed  a  mile  or  two  in  length.  In  view  of  the  admirable 
treatment  of  the  subject  by  Johnson,''  there  seems  no  need  to  enter 
upon  a  discussion  of  the  origin  of  these  lakes.  The  writer  agi^ees 
that  the  "  innumerable  hollows  in  the  High  Plains  surface,  large  and 
small  alike,  are  due  to  ground  settlement  rather  than  to  some  process 
either  of  original  construction  or  of  subsequent  erosion."^ 

The  influence  of  these  lakes  upon  the  settlement  of  the  country  has 
l^een  important,  for  on  the  High  Plains  the  matter  of  water  supply  is 

•  Johnson,  W.  D.,  The  High  Plains  and  their  utilization :   Twenty-first  Ann.  Rept.  U.  S. 
Geol.  Survey,  pt.  4,  1901,  p.  026. 
Mbid..  pp.  695-711. 
« Ibid.,  p.  702. 
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vital.  In  the  early  history  of  the  Panhandle,  before  wells  had  been 
sunk,  the.se  lakes  constituted  the^only  source  of  supply,  and  thus  it 
happened  that  the  early  cow  camps  were  located  beside  some  per- 
manent body  of  water.  In  a  number  of  instances  a  town  grew  up  at 
the  site  of  the  cow  camp,  and  to-day  some  of  the  largest  county  seats— 
for  example.  Clarendon,  Claude,  and  Panhandle — owe  their  location 
to  the  presence  of  such  basins.  Although  windmills  are  now  used  to 
draw  water  for  household  use,  as  shown  in  PI.  XI,  A^  Bj  a  great  part 
of  the  stock  water  still  comes  from  the  lakes. 

IRRIGATION. 

NEED   OF    IRRIGATION. 

The  Panhandle  of  Texas  is  located  in  the  semiarid  belt  of  the  Great 
Plains.  The  annual  rainfall  averages  approximately  20  inches,  but 
the  greater  part  of  this  amount  is  from  dashing  rains.  During  cer- 
tain seasons  there  is  little  or  no  rain.  The  soil  is  extremely  fertile, 
and  if  water  were  present  it  is  capable  of  producing  abundant  crops. 
At  various  times  on  the  High  Plains  farming  has  been  attempted, 
and  often  with  success  for  a  few  years,  but  usually  seasons  of  drought 
have  ensued  and  the  effort  has  bet»n  abandoned.  In  general,  practi- 
cally all  the  crops  that  have  been  raised  successfully  on  the  High 
Plains  are  such  forage  plants  as  kaffir  corn,  sorghum,  and  milo  maize, 
which  are  able  to  mature  with  a  minimum  of  moisture.  At  the  foot 
of  the  plains,  particularly  along  some  of  the  stream  valleys,  the 
culture  of  corn,  oats,  cotton,  and  alfalfa  is  now  being  attempted  with 
considerable  success.  Crops  are  frequently  abundant  for  several 
successive  yeai*s,  but  occasionally  fail  during  periods  of  drought. 

It  will  be  readily  undei-stood  that  in  a  region  with  climatic  con- 
ditions such  as  those  in  the  Panhandle,  irrigation  is  necessary  for 
successful  farming.  This  fact  has  long  been  recognized  and  a  num- 
ber of  desultory  attempts  have  been  made  to  irrigate  small  tracts, 
but  nothing  approaching  a  large  system  has  ever  been  projected. 

POSSIBLE   METHODS   OF   IRRIGATION. 

It  is  proposed  in  the  following  pages  to  discuss  four  possible  modes 
of  irrigation  w^hich  might  be  put  into  operation  in  the  Panhandle  of 
Texas,  viz,  (1)  irrigation  from  streams,  (2)  springs,  (3)  stonn 
water,  and  (4)  wells. 

Irrigation  from  streams, — It  has  been  shown  above  that  the  larger 
streams  of  this  region  practically  all  flow  in  broad,  shifting,  sand- 
choked  channels,  contained  between  low,  sandy  banks,  and  that  the 
water  varies  constantly,  the  stream  l>eing  at  one  time  a  rushing  tor- 
rent, at  another  nothing  but  a  dry  sand  bed.  Only  one  of  these 
rivers — the  Canadian — ^has  its  headwaters  in  the  mountains;  all  the 
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others  take  their  rise  on  the  High  Plains  and  are  fed  by  local  rains 
or  by  springs. 

There  are  no  Government  gaging  stations  in  the  Panhandle  of 
Texas,  and  no  accurate  data  are  available  regarding  the  amount  of 
flow  in  the  various  rivers.  It  is  known,  however,  that  enough  water 
passes  down  the  streams  each  year,  particularly  during  times  of 
flood,  to  irrigate  considerable  areas  of  valuable  land.  In  most  cases, 
however,  there  would  be  great  difficulty  in  storing  these  flood  waters. 
In  the  first  place,  so  far  as  known,  there  are  no  available  dam  sites 
along  the  larger  streams.  The  broad,  shallow  channel,  sometimes 
filled  to  a  depth  of  100  feet  with  fine  sand,  precludes  the  construction 
of  masonry  dams.  Besides  this,  in  most  cases  material  for  dams  is 
rare,  or,  indeed,  entirely  wanting.  There  are  few  harr*  rocks  in  this 
region  except  an  occasional  local  ledge  of  sandstone  or  dolomite  in 
the  red  beds  and  some  indurated  Tertiary  limestone  along  the  bluffs. 
Again,  the  sandy  nature  of  the  soil  along  the  streams  presents  diffi- 
culties in  the  w^ay  of  the  construction  of  ditches. 

Along  some  of  the  smaller  streams  irrigation  has  been  carried  on 
with  more  or  less  success.  Along  Palo  Duro  Creek,  near  the  post- 
office  of  Mulock,  in  northeastern  Hansford  County,  Robinson 
Brothers  have  a  plant  in  operation  fr6m  which  35  acres  are  irrigated. 
The  difficulty  at  this  place  has  been  in  securing  a  suitable  site  for  the 
dam,  and  the  scarcity  of  material  with  which  to  construct  it.  In 
former  years  several  dams  here  have  been  washed  out  during  times  of 
high  water.  Other  similar  plants  are  projected  farther  down  Palo 
Duro  Creek;  one  at  Range,  Okla.,  12  miles  below  Mulock,  has  been 
in  successful  operation  for  a  number  of  years.  In  eastern  ^Vheeler 
County  the  water  of  Sweetwater  Creek'  was  formerly  utilized  to  irri- 
gate a  tract  of  60  acres,  but  in  the  last  few  years  the  project  has  been 
abandoned.  There  are  a  number  of  smaller  streams  where  small 
plants  sufficient  to  irrigate  10  to  25  acres  might  be  successfully  in- 
stalled. Particularly  are  there  opportunities  for  such  projects  along 
Mammoth,  Wolf,  and  Sweetwater  creeks,  the  upper  branches  of  the 
various  forks  of  Red  River,  and  some  of  the  short  tributaries  of 
Canadian  River. 

Irrigation  from  springs, — Since  only  springs  that  have  a  consider- 
able flow  can  be  utilized  for  this  purpose,  irrigation  from  springs 
must,  at  best,  be  confined  to  limited  areas.  In  the  Panhandle  it  is 
.rather  an  unusual  occurrence  for  a  spring  to  be  located  wherp  the 
water  may  be  led  off  to  irrigate  a  tract  of  land,  but  in  a  few  cases 
there  are  springs  which  are  so  located  that  they  might  be  thus  util- 
ized. So  far  as  known  there  is  no  irrigation  directly  from  a  single 
spring  in  this  region,  but  there  are  localities  in  which  a  small  creek, 
formed  by  a  number  of  springs  uniting,  might  be  deflected  from  its 
channel  and  carried  by  a  ditch  over  a  tract  of  land.     Examples  of 
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this  condition  might  be  cited  along  the  smaller  tributaries  of  Wolf 
and  Sweetwater  creeks  and  Canadian  River. 

Irrigation  from  storm  waters. — Much  of  the  rainfall  of  the  Pan- 
handle occurs  as  dashing  showers  at  irregular  intervals,  chiefly  dur- 
ing the  spring  and  summer  months.  After  a  sliower  the  water  on 
the  High  Plains  accumulates  in  shallow  sags  which  empty  into  bi'oad, 
shallow  "lakes;"  while  among  the  breaks  and  at  the  foot  of  the 
plains  it  passes  into  the  streams.  In  numerous  places  the  sags  on  the 
High  Plains  or  the  dry  channels  among  the  breaks  have  been  dammed, 
forming  reservoirs,  known  locally  as  "  tanks,"  to  hold  stock  water, 
and  in  a  few  instances  a  ditch  has  been  led  out  from  one  of  these 
artificial  ponds  to  irrigate  a  few  square  rods  of  garden  or  orchanl. 
While  it  is  obvious  that  irrigation  of  this  character  can  never  1n» 
practiced  on  a  large  scale,  it  is  neverthele^ss  possible  for  hundreds  of 
families  in  the  region  to  be  provided  with  home-grown  vegetables 
and  fruit  by  irrigation  from  storm  waters. 

Irrigation  from  wells, — In  the  discussion  of  the  subject  of  arte- 
sian water  in  another  part  of  this  report,  the  conclusion  was  re^iched 
that  the  probabilities  for  artesian  supply  in  the  Panhandle  are  not 
good.  On  the  other  hand,  however,  ordinary  wells,  which  are  com- 
mon in  all  parts  of  the  region,  usually  supply  considerable  amounts 
of  water,  often  more  than  is  needed  for  stock  water  and  domestic  uj*. 
and  the  surplus  might  well  be  used  for  irrigation.  The  chief  diffi- 
culty in  the  way  of  the  utilization  of  well  water  for  these  purposes  is 
the  matter  of  expense  in  lifting  the  water  to  the  surface.  In  this 
region  wind  power  is  almost  universally  used  for  this  purpose.  In 
localities  where  wells  are  shallow,  as,  for  instance,  along  stream  valleys 
or  among  the  sand  hills,  it  has  been  found  profitable  to  use  water  from 
wells  for  irrigating  areas  of  considerable  size.  In  the  greater  part 
of  the  Panhandle,  however,  the  water  is  too  deep  to  be  used  in  this 
way.  As  has  been  stated,  the  average  depth  of  the  wells  on  the  Hi^ 
Plains  is  over  200  feet,  while  on  the  eroded  plains  the  wells  average 
nearly  100  feet  in  depth.  It  is  obvious  that  under  such  conditions 
little  more  can  be  done  than  to  irrigate  a  garden  or  an  orchard,  and 
so  far  as  has  beeh  observed  this  is  all  that  is  ever  attempted.  PI. 
XIV,  A^  page  46,  shows  an  orchard  and  garden  at  Claude,  which  is 
irrigated  from  a  well  over  250  feet  deep.  Examples  similar  to  this 
are  not  uncommon. 

In  the  sand-hill  regions,  where  the  water  is  not  so  deep,  there  are  a 
number  of  instances  of  small  plots  irrigated  with  water  obtained 
from  a  well.  On  the  red-beds  plain  there  is  less  irrigation  by  this 
means,  partly  because  the  gypsum  water  is  not  suitable  for  irrigation, 
but  chiefly  because  the  need  of  irrigation  is  not  realized. 
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FUTIIRE   OF    IRRIGATION. 

Taking  into  account  the  local  facts  it  seems  very  doubtful  if  there 
will  ever  be  any  extensive  irrigation  in  the  region  under  discussion. 
The  supply  of  water  is  not  sufficient  for  this  purpose  except  along 
the  larger  streams,  where  the  conditions  are  such  that  dams  can  not 
be  constructed.  Small  streams,  springs,  artificial  ponds,  and  wells 
supply  water  for  limited  irrigation,  sufficient  often  to  raise  vegetables 
and  fruit  for  a  family,  but  not  more.  As  time  goes  on  and  the  region 
is  more  thickly  settled,  these  small  plants  will  increase  in  number. 
There  is  little  to  warrant  the  hope  that  the  water  supply  in  the  Pan- 
handle will  ever  increase,  and  unless  some  more  efficient  means  than 
the  ordinary  windmill  be  secured  to  lift  the  water  from  deep  wells 
to  the  surface  it  is  extremely  improbable  that  anything  like  extensive 
works  can  ever  be  installed.  On  the  other  hand,  it  is  obvious  that 
only  a  very  small  part  of  the  available  water  is  now  being  utilized. 
It  is  possible  that  the  future  will  witness  in  this  region  thousands  of 
small  pumping  plants,  each  capable  of  supplying  sufficient  water  to 
irrigate  a  garden  and  an  orchard. 

WATER  CONDITIONS  BY  COUNTIES. « 
LIPSCOMB  COUNTY. 

Topography. — Lipscomb  County  is  in  the  northeastern  corner  of 
the  Panhandle.  Its  surface  is  a  level  plain  trenched  from  west  to 
east  through  the  middle  by  the  valley  of  Wolf  Creek.  This  valley 
is  like  a  great  sloping  groove,  250  feet  below  the  level  of  the  High 
Plains  at  the  west  line  of  the  county  and  500  feet  below  at  the  east 
line.  The  High  Plain  along  the  northern  line  of  the  county  is  being 
cut  into  by  branches  of  Beaver  Creek.  Wolf  Creek  Valley  separates 
the  county  into  two  areas  of  plain^i,  one  forming  the  table-land  be- 
tween Wolf  Creek  and  Beaver  Creek  drainage  basins,  the  other  lying 
between  Wolf  Creek  and  Canadian  River.  Sand  hills  are  present  in 
the  northeastern  part  of  the  county  and  between  Wolf  Creek  and  the 
southern  line. 

Geology. — The  rocks  of  the  surface  in  Lipscomb  County  are  en- 

« There  nre  no  Federal  public  lands  In  Texas.  This  State,  when  It  came  Into  the 
I'nlon  by  annexation,  retained  Its  public  lands,  and  the  general  system  of  township  and 
range  lines,  by  which  the  lands  of  the  greater  part  of  the  T'nlted  States  are  surveyed,  Is 
not  employed.  No  regular  section  lines  exist,  but  various-sized  tracts  are  laid  off, 
usually  in  blocks  of  square  miles  as  they  were  selected  by  the  land-grant  railroads  or 
purchased  by  individuals.  Some  of  the  earliest  surveys  employed  the  Spanish  vara, 
which  equals  33.385  inches  (1,897.7+  varas  equal  1  mile).  With  such  n  system  of  sur- 
vey the  roads  are  Irregularly  distributed,  no  correction  lines  exist,  and  the  location  of 
points  by  township  and  range  is  impossible.  In  the  eastern  part  of  the  Panhandle,  how- 
ever, the  counties  are  uniformly  30  miles  square,  each  containing  000  square  miles,  a 
condition  which  tends  to  obviate  much  of  the  difficulty  otherwise  encountered  In  attempt- 
ing to  map  the  region. 
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tirely  of  Tertiary  and  Quaternary  age.  Gray  sandstones  and  clays 
predominate  and  form  conspicuous  bluffs  along  the  larger  streams. 

Water  supply. — The  two  largest  streams  in  the  county  are  Wolf 
Oeek  and  its  tributary  Mammoth  Creek.  Wolf  Creek  enters  from 
Ochiltree  County  near  the  center  of  the  west  line  of  the  county  and 
flows  directly  east ;  Mammoth  Creek  rises  in  the  northwest  part  of 
the  county  and  flows  southeast,  joining  Wolf  Creek  in  Oklahoma  a 
few  miles  east  of  the  State  line.  These  creeks,  as  well  as  a  number 
of  other  smaller  tributaries  of  Wolf  Creek,  are  spring  fed,  but  in 
their  lower  courses  flow  through  sand-choked  beds.  Ordinarily  the 
amount  of  water  is  small,  flowing  but  1  or  2  second-feet,  and  at  places 
entirely  disappearing  under  the  sand.  The  streams  are  subject  to 
sudden  rises  of  a  few  hours'  duration,  at  w^hich  time  the  creeks  flow 
several  hundred  second-feet.  In  this  county  the  drainage  is  so  well 
developed  that  few  lakes  exist  on  the  High  Plains.  Lipscomb  has 
the  reputation  among  cattle  men  of  being  the  best  watered  county  in 
the  Panhandle.  The  sand  strata,  both  that  of  the  Tertiary  and  in 
the  sand-hill  regions,  furnishes  an  abundance  of  good  water,  issuing 
in  the  form  of  numerous  springs,  which  reach  the  surface  along  the 
streams.  Although  their  flow  is  seldom  large,  these  springs  are  con- 
stant in  volume  and  usually  perennial  in  their  character.  The  water 
is  pure  and  wholesome  and  almost  always  free  from  notable  amounts 
of  salts.  It  is  these  springs  which  feed  the  numerous  tributaries  of 
Wolf  Creek  and  render  the  water  so  abundant  in  the  county. 

Wells  on  the  uplands  in  the  county  range  from  130  to  333  feet  in 
depth,  with  an  average  of  150  feet.  In  the  valleys  a  maximum 
depth  of  50  feet  usually  secures  an  abundance  of  water,  but  along 
Wolf  Creek  and  some  of  the  smaller  streams  many  of  the  best  wells 
are  not  more  than  20  feet  deep.  Of  the  well  records  secured  in  Lips- 
comb County,  the  average  depth  was  121  feet 

OCHILTREE   <X)UNTy. 

Topography. — Ochiltree  County  is  in  the  northern  part  of  this 
region,  lying  almost  wholly  on  the  High  Plains  and  having  uniform 
plains  topography.  Near  the  center  it  is  trenched  by  the  head 
branches  of  Wolf  Creek,  in  a  valley  which  gradually  deepens  to  the 
east.  Some  of  the  small  side  branches  of  Canadian  River  which  head 
in  the  southern  part  of  this  region  are  actively  eroding  the  plains, 
forming  rugged  breaks.  A  few  of  the  small  branches  of  Beaver 
Creek,  which  head  in  extreme  northern  Ochiltree  County,  have  caused 
but  little  erosion. 

Geology, — The  rocks  are  entirely  Tertiary  and  Quaternary,  and, 
with  the  exception  of  the  regions  of  the  breaks  near  the  streams,  the 
surface  is  flat.  Along  the  bluffs  there  are  ledges  of  Tertiary  clay  and 
?and. 
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'Water  supply. — There  are  two  drainage  systems  in  this  county. 
The  eastern  portion  is  drained  by  Wolf  Creek,  which  has  its  source 
in  the  central  part  of  the  county,  where  it  is  a  small  fresh-water 
stream,  fed  by  perennial  springs,  and  flows  through  a  wide  gorge 
in  the  Tertiary  rocks.  Canadian  River  drains  the  southern  portion, 
and  branches  of  this  stream,  which  have  their  origin  in  Tertiary 
springs  along  the  breaks,  flow  south  into  Roberts  County.  A  few 
minor  branches  of  Beaver  Creek  drain  the  northern  part. 

The  High  Plains  surface  is  entirely  without  drainage,  and  shallow 
lakes  are  abundant  and  often  of  relatively  large  size,  sometimes  cov- 
ering 100  acres  or  more.  Ochiltree  County  has  an  abundance  of  good 
well  water,  but  ordinarily  it  is  found  at  a  considerable  depth.  In 
the  southern  part  of  the  county,  near  the  breaks,  the  depth  to  water 
exceeds  400  feet,  while  farther  north  water  is  obtained  in  abundance 
from  150  to  300  feet.  In  the  Wolf  Creek  Valley  the  wells  are  shal- 
low, many  of  them  finding  good  water  at  50  to  100  feet.  The  average 
depth  of  twenty-four  wells  in  Ochiltree  County  is  245  feet. 

HANSFORD    COUNTY. 

Topography. — Hansford  County  is  in  the  northwestern  part  of  the 
region  to  which  this  report  relates.  It  includes  a  portion  of  the 
High  Plains,  trenched  by  two  streams,  Palo  Duro  Creek,  which  rises 
in  the  extreme  southwestern  portion  of  the  county  and  passes  into 
Oklahoma  near  the  northeast  corner,  and  Coldwater  Creek,  also 
known  as  Rabbit  Ear  Creek,  which  enters  the  county  near  the  center 
of  the  west  line  and  flows  across  the  northwest  corner,  passing  into 
Beaver  County,  Okla.  The  greater  portion  of  the  county  retains  its 
original  plains  features,  while  a  lesser  part  consists  of  valleys  and 
breaks.  The  entire  county  presents  a  gradual  slope  to  the  east.  The 
highest  point  in  this  part  of  the  Panhandle  is  attained  in  this  county, 
just  south  of  the  center,  along  the  west  line — an  altitude  of  3,750  feet. 

Geology. — Nearly  all  of  the  surface  rocks  of  Hansford  County  are 
of  Tertiary  and  Quaternary  age.  In  the  extreme  northeast  corner 
Palo  Duro  Creek  has  cut  through  the  Tertiary  and  exposes  the  under- 
lying red  beds.  Along  Coldwater  and  Palo  Duro  creeks  bluffs  of 
hard  Tertiary  rocks  occur,  but  for  the  most  part  nothing  appears  on 
the  surface  except  ledges  of  soft  Tertiary  marl  exposed  along  prairie 
draws. 

Water  supply. — With  the  exception  of  a  small  portion  at  the 
south  which  drains  into  Canadian  River,  all  the  waters  of  this  county 
find  their  way  into  the  Beaver  Creek  drainage  system.  Palo  Duro 
Creek  is  a  small  stream  which  rises  in  the  southwestern  part  of  the 
county,  and  gradually  deepens  its  valley  in  its  passage  northeast 
until  at  the  county  line  it  has  attained  a  depth  of  approximately 
300  feet  below  the  level  of  the  High  Plains.     Its  numerous  lateral 
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branches  receive  the  drainage  from  a  considerable  area,  and  at  times 
of  heavy  rains  these  discharge  their  waters  into  a  main  trunk,  which 
for  a  short  time  becomes  a  torrent.  In  its  central  and  lower  courses 
there  are  fertile  valleys  which  afford  good  farming  land,  especially 
adapted  to  alfalfa  culture.  Several  small  irrigation  works  have 
been  constructed  along  the  lower  part  of  Palo  Durp  Creek.  The 
difficulty  in  maintaining  these  plants  is  that  the  dams,  built  of 
rough  stone  uncemented,  wash  out  in  times  of  freshets.  Cold  water 
Creek  crosses  the  northwest  corner  of  the  county,  entering  from 
Sherman  County,  Tex.,  and  passing  northeast  into  Beaver  County, 
Okla.  It  is  a  smalt  stream  flowing  through  a  well-developed  gorge. 
Lakes  similar  to  those  in  other  parts  of  the  region  occur  upon  the 
High  Plains.  Hansford  County  has  an  abundance  of  good  well 
water  at  depths  varying  on  the  High  Plains  from  190  to  300  feet,  and 
rarely  does  a  well  fail  to  encounter  an  ample  supply.  In  the  valleys 
springs  occur,  the  water  from  which  is  like  water  from  the  Tertiary 
beds,  pure  and  wholesome.  The  average  depth  of  thirteen  wells  in 
this  county  is  235  feet. 

HUTCHINSON  COUNTY. 

Topography, — Hutchinson  County  lies  in  the  western  part  of  the 
region  to  which  this  report  relates.  The  surface  of  its  northern  part 
is  High  Plains.  The  central  and  southern  part  is  occupied  by  the 
canyon  of  Canadian  River  and  the  breaks  on  either  side  formed  by 
short  tributary  creeks. 

Geology, — Along  Canadian  River  and  along  the  small  streams 
flowing  into  it  in  the  central  and  southwestern  part  of  the  county 
there  are  extensive  exposures  of  Permian  red  beds,  consisting  of 
red  clays  and  shales  with  interbedded  dolomite  and  gypsum  membere. 
These  rocks  have  been  provisionally  referred  to  the  Quartermaster 
formation.  The  remainder  of  the  county  is  composed  of  typical 
Tertiary  and  Quaternary  deposits,  the  former  being  exposed  as 
bluffs  along  the  streams  and  the  latter  as  sand  hills  and  alluvium. 

Water  supply, — The  entire  drainage  of  this  county  flows  into 
Canadian  River,  which  crosses  the  county  from  southwest  to  north- 
east. On  the  north  side  there  are  several  small  streams,  the  chief 
of  which  are  Kit  Carson  and  Coldwater  creeks,  while  from  the  south 
flow  White  Deer,  Spring,  Bear,  Dixon,  and  Antelope  creeks.  Thus 
the  greater  part  of  Hutchinson  C-ounty  is  well  drained.  It  has  an 
abundance  of  good  water,  and,  with  the  exception  of  some  wells  in 
the  Canadian  Valley  and  in  its  tributary  creeks,  which  find  their 
supply  in  the  red  beds,  the  water  is  wholesome  and  free  from  injurious 
salts.  West  from  Plemons  a  number  of  strong  springs  occur  at  the 
line  of  contact  between  the  red  beds  and  the  Tertiary.    On  the 
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High  Plains  water  is  obtained  at  depths  ranging  from  136  to  320 
feet,  and  in  the  valleys  at  less  than  20  feet.  The  well  records  col- 
le<;ted  show  an  average  depth  of  243  feet. 

ROBERTS    COUNTY. 

Topography. — Roberts  County  lies  in  the  north  central  part  of  the 
i^^on  embraced  in  this  report.  The  surface  of  the  southern  portion 
is  High  Plains  trenched  to  the  east  by  the  gorge  of  Red  Deer  Creek. 
The  northern  portion  is  occupied  by  the  valley  of  Canadian  River, 
with  its  broad  flood  plain  bordered  by  a  region  of  breaks  on  either 
side.  The  breaks  are  so  extensively  dissected  by  the  smaller  stream 
canyons  that  the  northern  portion  of  Roberts  County  is  one  of  the 
most  rugged  localities  in  the  Panhandle. 

Geology, — The  surface  rocks  are  mostly  of  Tertiary  age,  with  the 
usual  sand  hills  along  the  streams.  In  the  northwastern  portion  of 
the  county  Canadian  River  has  cut  down  into  the  red  beds  which 
are  exposed  in  the  bluffs  along  the  north  bank.  Alluvium  deposits 
occur  along  this  river  and  its  tributaries. 

Water  mipply, — The  drainage  belongs  entirely  to  the  Canadian 
River  system.  This  river  flows  through  a  broad  flood  plain  occu- 
pied occasionally  by  low  sandy  marshes.  The  waters  of  a  consider- 
able portion  of  this  country  reach  the  river  by  parallel  streams 
rising  in  the  south  central  part  and  flowing  north.  Few  streams 
enter  from  the  north  side,  and  those  which  do  are  short,  steep,  and 
intermittent.  Red  Deer  Creek,  a  tributary  of  Canadian  River,  rises 
in  the  southern  portion  of  the  county  and  flows  northeast  into 
Hemphill  County.  Ordinarily  this  stream  has  no  surface  flow,  but 
it  becomes  a  raging  torrent  when  there  are  sudden  storms  about  its 
head.  Tertiary  springs  occur  along  the  breaks  and  canyons  and  sup- 
ply a  number  of  small  creeks.  Wells  in  the  High  Plains  area  are 
150  to  350  feet  deep,  and  in  the  valleys  water  is  obtained  at  from  0  to 
20  feet. 

HEMPHILL  COUNTY. 

Topography. — ^Hemphill  County  is  in  the.  eastern  portion  of  the 
Panhandle.  Its  topography  is  varied,  for  Washita  River  rises  in  the 
southwestern  comer  and  its  northern  portion  is  crossed  by  Cana- 
dian River.  These  two  river  systems  have  removed  practically  all 
of  the  original  High  Plains  level  and  reduced  the  region  to  broad 
valleys  with  undulating  surfaces  between.  Along  Canadian  River  is 
a  wide,  sandy  flood  plain,  occupied  by  sand  hills  in  scattered  areas. 
Sand  hills  also  occur  in  the  north,  central,  and  eastern  parts  of  the 
county. 

Geology. — The  rocks  are  chiefly  Tertiary  deposits,  sand  hills,  and 
wash.     Small  areas  of  red  beds  are  exposed  along  the  Canadian  and 
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Washita  rivers  in  the  eastern  portion  of  the  county.  Along  the 
streams  there  are  bluffs  and  outliers  of  white  Tertiary  rocks,  but 
the  greater  part  of  the  county  consists  of  rugged  breaks  and  undu- 
lating sand  hills. 

Wafe?'  supply. — The  drainage  system  is  well  developed.  The  water 
from  more  than  half  of  this  county  finds  its  way  into  Canadian 
River  through  a  numl>er  of  ^hort,  swift  streams,  many  of  which  are 
pereimial,  having  their  source  in  Tertiary  springs.  The  southern 
|>ortion  of  the  county  is  drained  by  Washita  River,  a  stream  which 
l)ecomes  a  prominent  river  in  Oklahoma,  but  is  only  a  small  creek  in 
the  Panhandle.  Its  water,  being  derived  from  the  Tertiary  springs, 
is  fresh  and  free  from  the  injurious  salts  so  common  in  the  large 
rivers.  Springs  are  not  uncommon  in  this  county,  and  the  water 
obtained  from  Iwth  springs  and  wells  is  almost  imiformly  soft  and 
pure.  The  depth  at  which  water  is  found  in  Hemphill  County  varies 
greatly.  In  the  north,  south,  and  southwest  the  Tertiary  beds  of  the 
High  Plains  furnish  fresh  watel*  at  depths  ranging  from  100  to  333 
feet.  In  the  northern  sand-hill  regions  water  occurs  at  depths  of  75 
to  150  feet.  In  Canadian  and  Washita  valleys  wells  are  less  than  20 
feet  deep.  Records  of  nineteen  wells  at  various  places  in  this  county 
show  an  average  depth  of  94  feet. 

WHEEl^R  COUNTY. 

Topography. — Wheeler  County  lies  in  the  eastern  part  of  the  Pan- 
handle. The  surface  is  a  part  of  the  eroded  plains,  except  small 
areas  in  the  northwest  and  southwest.  The  region  is  a  rolling  plain 
dissected  by  two  principal  streams — Sweetwater  Creek  and  North 
Fork  of  Red  River — with  their  tributaries.  There  are  extensive 
sand-hill  regions,  one  of  which,  5  to  10  miles  in  width,  and  being 
widest  near  the  center  of  the  county,  extends  along  the  south  side  of 
Sweetwater  Creek  almost  the  entire  length  of  the  county.  An  area 
of  very  prominent  sand  dunes  occupies  part  of  the  northeastern  cor- 
ner of  the  county.  The  hills  are  mostly  low  ridges  from  one-eighth 
of  a  mile  to  1  mile  long  and  10  to  20  feet  high.  Broken  ridges  and 
knolls  occur  everywhere  and  blow-outs  are  common.  A  third  sand- 
hill region  is  found  in  the  southwestern  part  of  the  county,  between 
North  Fork  and  the  headwaters  of  Elm  Fork,  and  a  fourth  region  is 
in  the  extreme  southeastern  part. 

Geology. — Red  beds  belonging  to  the  Greer  and  Quartermaster 
formations  appear  along  North  Fork  of  Red  River  and  the  branches 
of  Elm  Fork  in  the  southern  part  of  the  county.  Gypsum,  dolomite, 
and  red  shales  of  the  Greer  formation  and  the  red  sandy  shales  and 
thin  sandstones  of  the  Quartermaster  formation  may  be  seen  in  the 
vicinity  of  Shamrock,  and  red  bluffs  outcrop  along  the  north  side 
of  North  Fork  entirely  across  the  county.     The  greater  part  of  the 
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surface  rocks,  however,  consist  of  sand  derived  from  the  Tertiary 
(lepoHits  and  of  alhivium  along  the  valleys. 

Water  supply. — The  drainage  of  this  county  is  through  three 
streams,  Sweetwater  Creek  and  North  Fork  and  Elm  Fork  of  Red 
River.  The  first  named,  farthest  to  the  north,  is  a  small  perennial 
stream  which  rises  just  beyond  the  limits  of  the  county  and  in  the 
eastern  part  was  formerly  used  to  some  small  extent  for  irrigation. 
North  Fork  of  Red  River  crosses  this  count}^  from  west  to  east  a 
little  south  of  the  center.  Ordinarily  it  is  a  small  stream  flowing 
in  a  sand-choked  bed  and  receives  no  important  tributaries  in  this 
county.  The  waters  of  this  river  are  highly  impregnated  with  cal- 
cium sulphate  and  sodium  chloride.  The  extreme  southern  part  of 
the  county  drains  to  Elm  Fork  of  Red  River.  As  might  be  ex- 
|>ected  in  a  region  of  sand  hills,  there  are  in  AVheeler  County  a  num- 
ber of  fine  springs.  Six  miles  southwest  of  Mol)eetie  is  Anderson's 
spring,  which  boils  up  out  of  the  sand  and  runs  off  down  a  little 
canyon.  It  is  one  of  the  strongest  springs  in  the  Panhandle  and 
flows  perhaps  1  second- foot.  It  is  said  to  be  artesian  in  character 
and  the  water  if  confined  will  rise  15  feet.  Other  noted  springs  in 
the  county  are  Nasby  Spring  (which  fills  a  3-inch  pipe).  Broncho 
Spring,  and  Stanley  Spring  (both  of  which  have  a  very  strong  flow). 
Well  water  from  the  Tertiary  and  sand  hills  is  obtained  through  the 
greater  part  of  the  county  at  depths  of  80  to  '200  feet.  In  the  red- 
beds  region,  in  the  southern  part,  wells  are  not  so  deep,  rarely  ex- 
ceeding 50  feet,  and  the  water  is  usually  not  good,  containing  a 
considerable  percentage  of  mineral  salts.  Records  of  nineteen  wells 
in  this  county  show  an  average  of  71  feet. 

GRAY   COUNTY. 

Topography. — Gray  County  occupies  the  south  central  part  of  the 
region  here  discussed.  The  surface  is  a  portion  of  the  High  Plains 
cut  into  by  two  streams — North  Fork  of  Red  River,  which  flows 
through  a  gorge  crossing  the  county  from  west  to  east,  and  Mc- 
Clellan  Creek,  flowing  in  a  similar  gorge  from  southwest  to  north- 
east, joining  North  Fork  near  the  eastern  line  of  the  county.  Wide 
breaks  border  the  gorge  of  these  two  principal  streams. 

Geology. — With  the  exception  of  a  small  area  of  red  beds  near  the 
mouth  of  McCellan  Creek  along  the  eastern  line,  the  rocks  of  Gray 
C/Ounty  are  entirely  Tertiary  and  Quaternary.  High  white  cliffs 
are  exposed  along  the  edges  of  the  High  Plains,  and  along  the  breaks 
and  streams  there  are  alluvial  deposits  and  sand  hills. 

Water  supply. — The  greater  part  of  the  drainage  is  through  North 
Fork  of  Red  River  and  McClellan  Creek.  The  former  stream,  which 
rises  in  Carson  County  just  west  of  the  Gray  County  line  and  flows 
east,  drains  only  a  limited  region  at  the  south  through  a  few  short 
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tributaries,  none  of  which  are  more  than  5  miles  in  length.  The 
southern  portion  of  the  county  is  drained  by  McClellan  Creek,  a 
branch  of  North  Fork,  which  rises  west  of  the  south  central  part  of 
the  county.  Springs  from  the  Tertiary  and  sand  hills  occur  in  a 
number  of  places  along  the  streams.  Many  are  from  small  seej)N 
but  several  have  an  estimated  flow  of  40  gallons  per  minute.  On  the 
plains  good  water  is  obtained  at  depths  ranging  from  100  to  280  feet. 
In  the  valleys  depths  to  water  do  not  exceed  35  feet.  Along  North 
Fork  in  the  eastern  part  of  the  county  a  few  wells  afford  gypsum 
water;  otherwise  the  supply  in  this  county  is  pure  and  wholesome. 
Records  of  eleven  wells  show  an  average  depth  of  166  feet 

CARSON   COUNTY. 

Topography, — Carson  County  lies  in  the  western  part  of  the 
region.  With  the  exception  of  Ochiltree  County,  Carson  contains 
a  larger  proportion  of  the  High  Plains  than  any  other  county  here 
described.  The  northern  part  is  dissected  by  tributaries  of  Cana- 
dian River  and  a  very  small  portion  of  the  eastern  part  is  occupied  by 
the  headwaters  of  Salt  Fork  of  Red  River.  With  these  exceptions 
its  surface  is  the  uniform  level  of  the  High  Plains,  dotted  at  intervals 
by  shallow  lakes. 

Geology, — In  the  extreme  northwestern  portion  of  the  county  along 
the  canyons  of  Antelope  and  Dixon  creeks,  tributaries  of  Canadian 
River,  there  are  exposures  of  the  red  beds,  consisting  of  red  clays  and 
shales  with  ledges  of  gypsum  and  dolomite.  With  this  minor  excep- 
tion, the  rocks  are  Tertiary  and  Quaternary.  Along  the  breaks  high 
Tertiary  cliffs  are  present,  but  the  flat,  upland  Tertiary  constitutes 
the  greater  part  of  the  rocks  of  the  county. 

Water  supply, — The  drainage  of  Carson  County  is  into  two  sys- 
tems, Canadian  River  and  Red  River,  between  which  is  a  great  flat 
table-land  divide.  The  former  stream  receives  the  water  from  the 
northern  part  of  the  county  through  a  number  of  creeks — the  most 
important  being  White  Deer,  Spring,  Dixon,  and  Antelope — all  of 
which  have  their  rise  near  the  central  line  of  the  county  and  flow 
north.  The  headwaters  of  Salt  Fork  of  Red  River  occupy  a  few 
square  miles  in  the  southwestern  part  of  the  county.  Most  of  this 
county,  however,  has  no  drainage  other  than  that  which  finds  its  way 
into  the  shallow  lakes  on  the  level  upland  and  disappears  by  seepage 
and  evaporation. 

In  the  southern  part  of  Carson  County  the  water  table  seems  to  be 
very  deep,  for  while  a  few  wells  secure  permanent  flows  at  depths  of 
less  than  250  feet,  many  of  them  ar^  obliged  to  penetrate  400  to  450 
feet  for  an  adequate  supply ;  but  water  when  found  is  both  abundant 
and  pure.    Among  the  breaks  and  along  the  creeks  in  the  northern 
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part  of  the  county  the  wells  range  from  50  to  200  feet.  Few  springs 
occur,  those  which  are  found  being  near  the  base  of  the  Tertiary 
in  the  northwestern  part  of  the  county. 

ARMSTRONG   COUNTY. 

Topography. — Armstrong  county  is  in  the  southwestern  part  of  the 
region.  It  is  a  level  plain  cut  by  three  canyons  trending  southeast. 
The  central  and  northwestern  part  of  the  county  has  the  uniform 
surface  of  the  High  Plains.  The  northeastern  portion  is  trenched  by 
the  upper  course  of  Salt  Fork  of  Red  River,  which  has  its  source  near 
the  center  of  the  north  line  of  the  county.  Mulberry  Creek  Canyon 
crosses  the  county  from  northwest  to  southeast.  In  the  southwestern 
portion  is  Palo  Duro  Canyon,  through  which  flows  Prairie  Dog  Fork 
of  Red  River.  Twenty-five  miles  of  this  gorge,  875  feet  deep  and 
5  miles  wide,  lies  in  Armstrong  County.  The  sides  of  the  canyon 
are  frequently  precipitous  and  exhibit  typical  banded  structure  so 
rough  that  the  canyon  is  passable  by  wagon  only  along  selected  routes. 

Geology. — The  best  geological  sections  obtainable  in  the  Panhandle 
are  found  along  Palo  Duro  Canyon  in  Armstrong  County,  where  all 
the  formations  discussed  in  this  report  are  exposed.  The  Greer 
and  Quartermaster  formations  of  the  Permian  red  beds  are  particu- 
larly well  exposed  in  this  canyon.  The  Dockum  formation  outcrops 
halfway  up  the  escarpment,  and  Tertiary  clays,  sand,  and  conglomer- 
ate lie  along  the  upper  part  of  the  bluffs.  The  level  upland  in  other 
parts  of  the  county  exhibits  the  ordinary  Tertiary  and  Quaternary 
rocks. 

Water  supply. — Northeastern  Armstrong  County  is  drained  by  the 
headwaters  of  Salt  Fork  of  Red  River,  and  Mulberry  Creek  receives 
the  drainage  from  the  central  and  southeastern  parts  of  the  county. 
Prairie  Dog  Fork  of  Red  River  in  Palo  Duro  Canyon,  in  the 
southwestern  part,  has  no  large  tributaries  in  the  county,  and  al- 
though it  flows  through  a  great  canyon  the  stream  itself  ordinarily 
has  little  or  no  surface  flow,  but,  like  other  streams  of  the  plains,  is 
subject  to  rapid  rises  after  heavy  rains  near  its  head.  The  drainage 
of  a  large  portion  of  the  county  is  undeveloped,  and  the  shallow  lakes 
which  occur  at  frequent  intervals  often  reach  considerable  size. 
Springs  are  not  common,  but  a  few  are  found  at  the  base  of  the  Ter- 
tiary and  among  the  red  beds.  On  the  High  Plains  water  is  obtained 
in  abundance  in  wells  ranging  in  depth  from  120  to  320  feet.  Few 
wells  have  been  sunk  in  the  red  beds,  but  those  that  have  been  dug 
usually  find  water  of  rather  poor  quality  at  depths  ranging  from  20 
to  100  feet.  Records  of  eighteen  wells  in  Armstrong  County  show 
an  average  depth  of  207  feet. 
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DONLEY    CX^UNTY. 

Topography. — Donley  County  lies  in  the  southern  part  of  the 
region.  The  northern  and  western  portions  are  level  High  Plains. 
On  the  eroded  plains  which  occupy  the  eastern  and  southern  parts  of 
the  county  the  surface  is  rolling  and  dissected  by  many  streams. 
Even  on  the  High  Plains  the  streams  occupy  well-marked  courses  and 
have  so  dissected  the  surface  that  only  in  a  few  instances  is  the  up- 
land sufficiently  level  to  i>ermit  the  water  to  collect  in  lake^.  The 
western  extension  of  the  sand-hill  region,  which  crosses  Collingsworth 
Coimty  south  of  Salt  F'ork  of  Red  River,  finds  its  terminus  in  the  es- 
carpment at  the  base  of  the  High  Plains  in  Donley  County. 

Geology, — Both  red  beds  and  Tertiary  rocks  are  exposed  in  Donley 
County.  The  red  l>eds,  including  l)oth  the  Greer  and  Quartermaster 
formations,  outcrop  along  the  streams,  particularly  along  North 
•  Fork  of  Red  River  in  the  region  northeast  of  the  center  of  the 
county  and  along  Mulberry  Creek  in  the  southwestern  part.  Along 
the  latter  stream  the  Dockuin  beds  occur.  Tertiary  rocks  consti- 
tute the  High  Plains  in  the  northern  and  western  parts  of  the  county; 
while  the  sand  hills  derived  largely  from  Tertiary  deposits  occupy 
considerable  areas  in  the  central  and  southern  portions.  Alluvium 
is  found  along  the  stream  valleys. 

Water  mipply. — The  drainage  of  the  county  is  through  two  branches 
of  Red  River — Salt  Fork,  which  crosses  the  county,  and  several 
smaller  branches  of  Prairie  Dog  Fork,  which  rise  in  the  county 
and  flow  south.  Salt  Fork  flows  almost  due  east  across  the  center  of 
the  county.  It  is  a  small  stream  with  a  sandrchoked  bed  and  a  flow 
of  but  a  few  second- feet,  the  water  being  fre«  from  disagreeable  salts. 
The  southern  part  of  Donley  County  is  drained  by  the  branches  of 
Salt  Fork,  the  chief  of  which  is  Mulberry  Creek,  rising  in  Armstrong 
County  and  flowing  across  the  southwest  corner  of  Donley  County. 
It  is  an  ordinary  stream  of  the  plains,  with  a  wide,  sand-choked 
channel  and  ordinarily  little  water,  but  at  times  of  heavy  rainfall  it 
assumes  the  proportions  of  a  river.  Springs  are  found  in  both  the 
sand-hill  regions  and  among  the  red  beds.  On  the  High  Plains  and 
in  the  escarpment  region  wells  are  from  40  to  250  feet  deep.  In  the 
valleys  and  lower  portions  of  the  county  water  is  obtained  at  20  to  165 
feet.  The  Tertiary  and  sand-hill  water  is  good,  while  that  found  in 
the  red  beds  is  usually  bad.  Records  from  thirty  wells  show  an  aver- 
age depth  of  152  feet. 
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COLLINGSWORTH    COUNTY. 

Topography, — Collingsworth  County  forms  the  southeastern  por- 
tion of  the  region  here  discussed.  This  county,  which  is  almost 
wholly  in  the  eroded  plains,  presents  the  most  diverse  topography  of 
all  here  described.  It  is  trenched  from  northwest  to  southeast  by 
three  stream  systems — Elm  and  Salt  forks  of  Red  River,  and  Spillers 
Creek,  a  branch  of  Prairie  Dog  Fork.  Just  west  of  the  center  and 
extending  entirely  across  the  county,  trending  slightly  west  of  south, 
are  the  Dozier  Mounds,  composed  of  hard  ledges  of  sandstone  under- 
lain by  stratified  clays,  shales,  and  sandstones.  In  the  southwestern 
comer  of  the  county  these  hills  are  deeply  dissected  by  streams,  ren- 
dering the  region  very  rugged.  On  the  south  side  of  Salt  Fork  is  a 
sand-hill  region  ranging  from  2  to  9  miles  in  width,  extending  from 
northwest  to  southeast  entirely  across  the  county. 

Geology, — The  greater  part  of  the  rocks  of  Collingsworth  C6unty 
Ijelong  to  the  Greer  and  Quartermaster  formations  of  the  red  beds. 
Along  the  various  streams  ledges  of  gypsum  and  dolomite  outcrop, 
while  at  a  higher  level  soft  sandstones  occur.  The  extreme  north- 
western part  of  the  county  is  in  the  escarpment  region,  and  Tertiary 
and  Quaternary  sand  hills  appear  south  of  Salt  Fork  of  Red  River. 

Water  supply. — Elm  Fork  of  Red  River  rises  in  the  northwestern 
portion  of  the  county  and  flows  southeast,  leaving  the  county  9  miles 
from  the  northern  limit,  thus  draining  the  entire  northern  portion. 
Salt  Fork  of  Red  River  crosses  the  county  from  west  to  east  in  a  tor- 
tuous course  near  its  center  and  drains  the  middle  portion  of  the 
county.  Spillers  Creek,  a  branch  of  Prairie  Dog  Fork  of  Red  River, 
has  its  source  in  Donley  County  and  flows  southeast  across  Collings- 
worth, draining  the  southwestern  part.  Except  in  the  sand-hill 
regions  south  of  Salt  F'ork.  good  water  is  difficult  to  obtain  for  the 
reason  that  the  county  is  underlain  by  red  beds,  which  contain  large 
quantities  of  gypsum  and  other  mineral  salts.  There  are  a  number  of 
springs  of  good  water  among  the  sand  hills.  Springs  occur  in  the 
red  beds  also,  but  the  water  often  contains  salt  or  gypsum  and  is  not 
suitable  for  general  domestic  uk*.  Wells  in  the  sand  hills  are  10  to 
220  feet  in  depth  and  in  the  red  l)eds  40  to  190  feet.  Records  from 
twenty  wells  in  Collingsworth  County  show  an  average  depth  of  105 
feet. 
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Public  lands,  nonexistence  of,  in  Texas 49 

Q. 

Quartermaster  formation,  erosion  of,  view 

of 20 

fossils  in 23 

hills  due  to 22-23 

name  of 21 

occurrence  and  character  of 13-17, 21-23, 

57-59 

relations  of  Dockum  and 22-28 

springs  in 39 

water  from 31-32 

Quaternary  rocks,  bibliography  of 24 

character  of 29 

formation  of,  divl.sions  of 27 

occurrence  and  character  of 13, 22. 2.V31 

stratigraphy  of 24-27 

R. 
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drainage  of 44-45, 59 

erosion  by 9 

HH'ks  on 20 

Spring  Issuing  fmm  cave,  view  of 18 

Springs,  character  and  occurrence  of 13. 

88-40, 55-56 

irrigation  from 47-48 

Staked  Plains,  part  of  High  Plains  on 8 

nK'ks  of 27 

Stanley  Spring,  location  of 55 

Storms,  water  of.  storage  of 48 

Streams,  drainage  ba-sins  of 40-46 

Irrigation  iwm 46-47 

location  and  character  of 9-11,41-45 
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FLllCTUATfONS  OF  THE  WATER  LEVEL  IN  WELLS, 
WITH  SPECIAL  REFERENCE  TO  LONG  ISLAND. 
NEW  YORK.  

By  A.  C.  Veatch. 


INTRODUCTION  AND  SUMMARY. 

In  connection  with  the  investigation  of  the  geology  of  Long  Island  by  the  United 
States  Geological  Survey  in  the  summer  of  1903,  a  few  observations  were  made  on 
the  fluctuation  of  the  water  level  in  wells,  both  with  direct-reading  and  self-recording 
gages.  In  the  consideration  of  these  data,  as  well  as  those  collected  at  the  same 
time  by  the  New  York  City  commission  on  additional  water  supply,  it  has  seemed 
desirable  to  enter  into  a  general  discussion  of  the  fluctuation  of  water  in  wells. 

Some  of  the  results  of  this  study  may  be  briefly  summarized  as  follows: 

1.  The  most  important  and  characteristic  of  the  natural  ground-water  fluctuations 
is  the  regular  annual  period.  This  is  a  relatively  uniform  curve,  with  a  single  maxi- 
mum and  minimum,  on  which  the  fluctuations  of  shorter  periods,  as  a  rule,  form 
but  minor  irregularities.  This  curve  does  not  generally  resemble  the  rainfall  curve. 
Were  the  rainfall  uniform  throughout  the  year,  the  ground  water  would  still  show  a 
regular  yearly  period  and  the  maximum  would  occur  early  in  the  year  in  the  North 
Temperate  Zone.  The  effect  of  irregularities  in  the  rainfall  is  to  move  the  time  of 
occurrence  of  this  maximum  either  forward  or  back. 

2.  The  water  from  single  showers  is  generally  delivered  gradually  to  the  ground- 
water table,  and  even  where  noticeable  fluctuations  are  produced,  these  do  not  com- 
monly make  important  irregularities  in  the  regular  annual  ground-water  curve. 

3.  Single  showers  may,  by  transmitted  pressure  through  the  soil  air,  produce  instan- 
taneous and  noticeable  rises  in  the  water  in  wells  and  notably  increase  the  stream 
discharge  without  contributing  either  to  the  ground  water  or  directly  to  the  surface 
flow. 

4.  The  amount  contributed  to  the  ground  water  can  not  be  satisfactorily  estimated 
by  the  rise  and  fall  of  the  water  in  wells,  because  the  same  amount  of  rainfall  under 
the  same  geologic  and  climatic  conditions,  in  beds  of  the  same  porosity,  will  pro- 
duce fluctuations  of  very  different  values.  Near  the  ground-water  outlet  the  total 
yearly  range  may  be  but  a  few  inches,  while  near  the  ground-water  divide  it  may  be 
50  or  100  feet.  When  an  attempt  is  made  to  calculate  the  amount  of  water  received 
from  single  rains,  the  results  are  not  reliable,  because  in  the  cases  which  are  usually 
taken,  such  as  sharp,  quick  rises,  it  is  impossible  to  tell  how  much  of  the  rise  is  due 
to  transmitted  pressure  and  how  much  to  direct  infiltration. 

5.  Because  of  the  increase  in  stream  flow  due  (1)  to  transmitted  pressure  from 
rains,  (2)  to  changes  in  barometric  pressure,  and  (3)  to  increase  in  area  of  ground- 
water discharge,  with  the  elevation  of  the  ground-water  table,  it  is  not  possible  to 
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correctly  separate  the  quantity  of  water  in  the  Btream  discharge  contributed  by  spring 
flow  from  tliat  contributed  by  direct  surface  run-off.  There  are  many  reasons  for 
believing  that  in  humid  regions  "flood  flows"  contain  large  percentages  of  j?roimd 
water. 

6.  Tidal  fluctuations  in  wells  are  very  often  produced  by  a  plastic  deformation  due 
to  the  loading  of  the  tides,  and  the  occurrence  of  such  fluctuations  in  wells  does  not 
in  itself  indicate  a  connection  between  the  water-bearing  strata  and  the  sea. 

7.  Temperature  changes  may  produce  marked  fluctuations  (1)  by  changes  in  capillary 
attraction — such  fluctuations  are  i)erceptible  only  at  the  surface  of  the  zone  of  com- 
plete saturation,  are  not  transmitted  to  deeper  levels,  and  vary  directly  with  the 
temperature;  (2)  by  changes  in  viscosity  or  rate  of  flow — fluctuations"  due  to  this 
cause  vary  inversely  with  the  temperature,  and  show  in  deep  wells  by  transmitted 
pressure. 
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PART  I. 

LONG  ISLAND  OBSERVATIONS. 

INTRODUCTORY  OUTLINE  OF  THE  HYDROLOGIC  CONDITIONS. 

The  conditions  on  Long  Island,  New  York,  are  particularly  favorable  for  the  study 
of  the  fluctuations  of  water  in  wells.  The  geologic  and  topographic  conditions  are 
such  that  it  may  l)e  affirmed  that 

the  underground  water  is  derived  g 

wholly  from  the  rain  which  falls  l* 

on  the  surface  of  the  island,  and  ^ 

the  problems  involved  are,  th^re-  ^g 

fore,  not  unduly  complicated,  as  | 

they  are  in  many  regions,  by  the  0 

possibility  of  the  influx  of  water  g: 

from  other  areas.     In  addition  2  „ 

to  this  comparatively  complete  I 

ground- water  isolation,   the   is-  § 

land  is  of  such  a  size — 120  miles       o 

p 

long  and   20  miles  wide — that       o  ingwoH 

ground -water    phenomena    can       g*  ngwtii 

attain  a  relatively  complete  de-       (g  »ioi«yb«d 

velopment,    and    the    geologic  g  g 

structure  of    the   water-bearing  »  s  ^^ 

beds,  while  not  complicated,  is  g  «  V 

suflBciently    varied    to    produce  g  | 

several  differing  conditions.  ?  a* 

Topographically  the   western  S-o  ^n 

part  of  Long  Island — the  portion  S  a  •*"• 

involved  directly  in  this  paper —  o^*  J^j" 

may  be  said  to  consist  of  a  single  a  ^  ,,^,„ 

range  of  rolling  hills,  usually  150  g  "g 
to  250  feet  high,  though  in  one  g 
place  attaining  an  elevation  of  g- 
over  400  feet.     This  hill  range       J 

descends  somewhat  abruptly  to        o-  fMiI*'  ^ 

the  north  shore,  where  it  is  cut        c  *•" 

o  I 

by  several  reentrant  bays  occu-  '^ 

pying  old  valleys.    On  the  south  2. 

side  is  a  very  flat  gravel  plain,  | 

sloping  gently  to  the  ocean,  along  | 

which  a  series  of  barrier  beaches  c 

inclosing  long  marshes  has  been  g                                                                       w«JJ 

developer!.     To  the  east  the  hill  a 

range  divides  and  produces  two  oq 

hilly  peninsulas,   each    with    a  ^ 

single  ridge  on  the  northern  side. 

Geologically  the  island  may  be  regarded  as  a  series  of  relatively  porous  gravel  and 

sand  beds,  containing  irregular  and  discontinuous  clay  masses,  the  whole  limited 
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below  by  the  peneplained  surface  of  a  mass  of  highly  disturbed  ana  metamorphosed 
Paleozoic  and  pre-Paleozoic  rocks,  which  have  little  water  value  except  as  a  more  or 
less  complete  barrier  to  downward  percolation  ( fig.  1 ) .  While  these  unconsolidated  beds 
represent,  in  the  geologic  time  scale,  several  of  the  divisions  of  the  Upper  Cretaceoas 
and  as  many  as  five  Pleistocene  or  glacial  stages,  and  as  a  whole  are  stratified  deposita 
dipping  at  very  low  angles  south  and  southeastward,  they  are,  under  the  island, 
essentially  continuous  from  a  water  standpoint,  and  the  rain  falling  on  the  surface  is 
relatively  free  to  pass  to  any  part  of  the  mass.  The  Pleistocene  beds  which  form  the 
surface  are,  however,  as  a  rule,  coarse  and  more  porous  than  the  underlying  Cretar 
ceous  and  tend  to  increase  the  absorbing  power  of  the  island.  As  a  result,  the  per- 
centage of  rainfall  which  passes  into  the  streams  without  first  going  through  the 
ground  is  extremely  small. «  This  percolating  water  has  entirely  saturated  the  porooa 
strata  above  the  bed  rock,  except  a  limited  portion  at  the  surface,  and  has  driven 
out  the  salt  water  which  filled  these  beds  when  they  were  first  deposited  and  which 
reoccupied  them,  at  least  in  part,  during  the  several  submergences  to  which  this 
region  has  been  subjected.  The  surface  of  this  zone  of  complete  saturation,  or  the 
main  ground-water  table,  is  coincident  with  the  sea  level  at  the  shores  and  becomes 
more  and  more  elevated  in  passing  inland,  though  the  rate  of  increase  of  elevation  is 
less  than  that  of  the  surface,  of  which  it  is  but  a  subdued  reflection  (fig.  1).^ 

This  slope  of  the  ground- water  table  permits  the  development  of  artesian  wells  at 
many  points  on  the  coast,  at  elevations  which  are  commonly  less  than  10  feet  above 
high  tide.  The  head  is,  in  all  cases,  due  to  the  greater  height  of  the  ground  water 
in  the  adjacent  hill  mass.  In  order  that  such  a  differential  head  may  be  developed,  it 
is  merely  necessary  that  the  water-bearing  bed  in  question  be  coarser  than  the  ove^ 
lying  beds.  A  clay  or  other  impervious  cover  is  not  essential  and,  indeed,  is  often 
absent. 

OBSERVATIONS  OF  THE  UNITED  STATES  GEOLOGICAL  SURVEY. 

Observations  on  the  fluctuations  of  the  water  level  in  wells  were  made  by  the  Geo- 
logical Survey  near  Huntington,  Oyster  Bay,  Valley  Stream,  Millbum,  Long  Beach, 
and  Douglaston,  all  villages  on  Long  Island  west  of  longitude  73®  W.,  and  between 
latitudes  40''  35'  and  40*»  55'  N.     (PI.  I.) 

OBSERVATIOXS  WITH  I>IRECT-REAI>IN6  GAGES. 

OBSERVATIONS   AT   HUNTINGTON,  N.  Y. 

The  Huntington  observations,  from  which  the  other  Survey  observations  developed, 
were  undertaken  to  test  the  common  report  that  the  discharge  of  most  of  the  artesian 
wells  along  the  northern  shore  of  Long  Island  fluctuated  with  the  tide;  in  some  cases 
the  flow  ranging  from  0  at  low  tide  to  over  100  gallons  per  minute  at  high  tide. 
Nearly  all  of  these  wells  were  being  pumped,  or  were  utilized  to  run  rams,  but  pe^ 
mission  was  obtained  to  gage  a  newly  completed  well  belonging  to  the  Huntington 
Light  and  Power  Company,  at  Huntington  Harbor,  until  it  should  be  connected  with 
the  pumps — a  period  of  three  or  four  days. 

A  direct-reading  float  gage  of  simple  type  Was  quickly  constructed  by  Baker  A  Fox, 
Brooklyn,  N.  Y.  This  consisted  of  a  2-inch  cylinder  of  brass  carrying  a  J-inch  alu- 
minum rod  6  feet  long  and  graduated  to  hundredths  of  a  foot,  with  the  zero  point  just 

n  Spear  (Rept.  New  York  City  Commission  on  Additional  Water  Supply,  1904,  p.  829)  has  estlnuited 
that  43  per  cent  of  the  total  stream  flow  (or  14  per  cent  of  the  rainfall)  can  be  considered  as  flood  flow 
or  as  not  having  passed  through  the  ground.  He  bases  this  Judgment  on  the  relative  heights  of  we 
stream  and  ground-water  levels  near  the  south  shore,  where,  as  explained  on  page  51,  a  correct  jiKV- 
ment  can  not  be  formed.  The  average  flood  flow  is  believed  to  be  much  less  than  6  per  cent  of  the 
precipitation. 

b  For  details  of  the  slope  of  the  ground-water  table  see  Prof.  Paper  U.  S.  Geol.  Survey  No.  44, 1906, 
Pis.  XI,  XII. 
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above  the  cylinder.  For  convenience  in  carrying,  as  well  as  to  avoid  the  use  of  so 
long  a  rod  except  where  absolutely  necessary,  the  rod  was  divided  into  three  parts 
and  jointed.  The  cylinder  was  so  constructed  that  it  would  just  carry  the  total  length 
of  6  feet,  and  when  used  with  only  2  or  4  feet  of  rod,  weights,  balancing  the  effect  of 
the  part  removed,  were  added  to  the  bottom  of  the  cylinder. 

Some  trouble  was  experienced  by  the  float  tending  to  approach  the  side  of  the  well 
and  develop  a  thin  capillary  film  between  it  and  the  pipe,  which  decreased  the  sen- 
sitiveness of  the  gage.  It  is  suggested  that  when  direct-reading  floats  are  used  in 
wells  of  small  diameter  they  be  kept  away  from  the  walls  of  the  well  by  means  of 


Fig.  2.— Sketch  map  showing  location  of  well  of  Hnntington  Light  and  Power  Company  at  Hunt- 
ington Harbor,  N.  Y. 

slightly  arched  wires,  as  in  the  float  devised  by  Professor  King  for  the  self-recording 
gages  used  in  the  Madison  experiments  and  later  on  Long  Island. 

The  well  of  the  Huntington  Light  and  Power  Company  is  situated  on  a  dock  at 
Huntington  Harbor,  near  Halesite  post-oflice  (PI.  I,  fig.  2. )  The  natural  level  of  the 
surface  at  the  point  where  the  well  is  sunk  is  between  high-  and  low-tide  mark,  but 
the  ground  has  been  built  up  by  filling  about  5  feet  higher.  The  well  is  75  feet  deep 
and  4  inches  in  diameter,  and  the  water  rises  in  the  pipe  from  1  to  3  feet  above  the 
surface  of  the  made  ground.  The  well  was  piped  above  the  limit  of  flow,  so  that  all 
the  fluctuations  could  be  measured  directly,  rather  than  inferred  from  variations  in 
the  rate  of  discharge. 
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Tbe  geologic  section  reported  by  the  driller,  Mr.  H.  J.  Dubois,  is  as  follows: 

Section  of  well  of  Huntington  JAght  and  Power  Company  at  Huntington  Harbor^ 

Hakfite,  K  Y. 

Feet 

1.  Filled  ground 0-6 

2.  Swamp  deposit 6-10 

3.  Dark  sand  and  gravel - 10-70 

4.  Blue  clay 70-71 

5.  Light-yellow  gravel  containing  artesian  fresh  water 71-75 

The  artesian  flow  is  due  to  the  height  of  the  ground  water  in  the  steep  hill  just 
east  of  the  well,  the  head  being  transmitted  through  the  coarse  beds  encountered  in 
the  bottom  of  the  well.  Water  escapes  in  many  springs  along  the  beach,  but  the 
movement  through  the  lower  gravels  is  freer  and  a  differential  head  is  produced, 
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Fig.  3.— Details  of  well  and  tide  curves  at  Huntington  Harbor,  N.  Y.,  showing  lag  between  well  and 
tide.    From  observatlous  with  direct-reading  floats  by  A.  C.  Veatch  and  Isaiah  Bowman. 

which,  when  a  free  escape  to  the  surface  is  afforded,  as  by  a  well  tube,  causes  a  flow- 
ing well.  The  blue-clay  layer  reported  probably  represents  the  feather-edge  of  a 
sheet  which  thickens  under  the  harbor,  but  does  not  extend  beyond  it  This  is 
inferred  from  the  general  geologic  relations  of  the  region. 

A  board  gage  divided  to  tenths  of  a  foot  was  placed  on  the  north  side  of  the  plat- 
form pier  at  the  point  markt»d  *'Gage  No.  1"  in  fig.  2.  There  was  relatively  still 
water  at  this  point,  and  the  oldest  inhabitant  stated  positively,  when  the  board  was 
placed,  at  about  6  p.  m.  on  May  8,  that  the  foot  of  the  gage  would  not  be  exposed  at 
low  water.  Observations  were  at  once  l)egun  on  the  well  and  tide  gage,  and  contin- 
ued until  3  o'clock  on  the  morning  of  May  9,  when  at  low  tide  the  bottom  of  the 
gage  was  exposed.  The  gage  was  then  moved  to  point  No.  2,  south  of  the  platform 
pier,  and  the  observations  continued  from  7.38  a.  m.  May  9  to  7.80  p.  m.  May  10, 
and  thus  four  high  and  three  low  waters  were  compared. 
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The  bench  mark  established  was  as  follows:  Cross  on  top  of  south  end  of  doorsill, 
west  side  of  building  of  Huntington  Light  and  Power  Company.  The  elevation 
above  the  zero  of  gage  No.  2  is  12.232  feet. 

The  observations  here  gave  curves  of  the  same  general  character  as  those  plotted 
at  Oyster  Bay  (fig.  8,  p.  16). 

The  two  curves  are  essentially  jmrallel,  and  while  the  semidiurnal  range  of  the  tide 
is  about  8  feet,  that  of  the  well  is  about  2  feet.  The  low  water  in  the  well  is  3.6  feet 
above  the  highest  water  in  the  bay. 

In  fig.  3  the  high-  and  low-tide  readings  for  both  the  well  and  the  tide  have  been 
plotted  on  a  large  scale,  with  the  same  time  values,  but  with  different  vertical  values, 
in  order  to  bring  out  the  amount  of  time  the  fluctuations  in  the  well  lag  behind  those 
of  the.  tide.  These  curves  indicate  that  for  the  period  of  observation  the  low  tide  in 
the  well  has  an  averagi^  establishment,  or  lag  behind  the  ocean  waters,  of  two 
miniites  and  the  high  tide  eight  minutes. 

On  May  11  Mr.  Isaiah  Bowman  made  observations  with  the  direct-reading  floats 
on  a  e^llow  6-inch  flowing  well  belonging  to  the  Consolidated  Ice  Company,  at 
Huntington.  It  is  located  about  a  mile  from  the  harbor,  at  an  elevation  of  40  feet. 
The  observations  were  continued  for  six  hours  and  no  fluctuations  of  any  character 
noted. 

OBSERVATIONS  AT  OYSTER  BAY,  N.  Y. 

During  the  month  following  the  observations  at  Huntington  Harbor  it  was  found 
that  among  the  many  flowing  wells  at  Oyster  Bay  four  could  be  observed  for  a  lim- 
ited time. 


OYSTER      BAT      HARBOR 


Pfle«ofeM 


RAILROAD  STATION 


Pig.  4.— Sketch  map  showingr  location  of  wells  observed  at  Oyster  Bay,  N.  Y. 

These  wells  are  all  very  near  the  shore;  indeed,  the  Casino  well,  which  is  beneath 
the  floor  of  a  building  extending  over  the  water,  is  always  covered  at  high  tide  (fig.  4). 
The  others,  the  Burgees,  Lee  (or  Hill),  and  Underbill  wells  (fig.  4),  are  at  distances 
of  from  50  to  500  feet  from  ordinary  high-tide  mark,  though  the  ground  at  all  is  cov- 
ered when  extraordinary  wind-aidetl  tides  occur.  The  depths  of  these  wells,  as 
determined  by  soundings  at  the  time  of  the  observations,  were:  Casino,  93  feet; 
Underbill,  114  feet;  Lee,  188  feet;  Burgess,  155.5  feet  The  Casino  and  I^e  are  3-inch 
wells,  and  the  Burgess  and  Underbill  2-inch  wells.  All  these  wellH  pass  through  a 
surface  layer  of  sand  and  gravel,  then  a  layer  of  blue  clay  50  to  75  feet  thick,  and 
finally  penetrate  a  rather  coarse  water-bearing  sand.  In  some  cases  the  upper  sands 
and  gravels  will  furnish  flowing  water,  but  all  the  wells  observed  obtain  their  supply 
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from  below  the  blue-clay  layer  (fig.  6).  ThiB  blue  clay  thins  rapidly  southward  and 
entirely  disappears  half  a  mile  south  of  the  wells  (fig.  7).  It  extends  under  Oyster 
Bay  Harbor  and  is  exposed  in  the  clay  pits  on  the  south  end  of  Center  Island. <i 


LONG     ISLAND    SOUND 

5 


Hoyt  w%\\ 


Fio.  5.— Sketch  map  showing  topographic  suiToiindingB  of  wells 
shown  in  fig.  4  and  location  of  sections  shown  in  figs.  6  and  7. 

All  these  wells  were  flowing,  and  in  each  case,  before  observations  were  commenced, 
lengths  of  pipe  were  added  until  the  wells  no  longer  flowed,  even  at  high  tide.  Float 
gages  similar  to  those  used  at  Huntington  were  then  inserted  and  the  wells  oovered 


W      <^ 


i 


Sestovcf 

10' 


Fig.  6.— Section  at  Oyster  Bay,  N.  Y.,  along  line  B-B,  fig.  6,  show- 
ing geologic  relations  of  wells  observed. 

with  flatrtopped  caps,  each  containing  a  smooth  beveled  hole  through  which  the 
gage  rod  extended.  & 

a  The  folding  of  the  beds  here  shown  is  due  to  Ice  shove.  See  Prof.  Paper  U.  8.  Qeol.  Survey  No.  4i 
1906,  pp.  89^3. 

bThe  general  conditions  of  observation  are  well  shown  in  Prof.  Paper  U.  S.  G«ol.  Survey  No.  44, 1906. 
PI.  XIll,  A,  This  view  indicates.  In  a  very  graphic  manner,  the  relation  of  the  wells  to  the  water  of 
the  bay  and  the  considerable  head  developed  by  these  fresh-water  artesian  wella  on  the  seashore. 
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In  order  to  obtain  more  refined  results  than  were  possible  with  the  board  gage  at 
Huntington,  a  3-inch  pipe,  perforated  at  a  point  several  feet  above  the  bottom,  was 
driven  in  the  harbor  at  the  end  of  a  row  of  piles  and  at  a  distance  of  about  200  feet 
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from  the  shore  (fig.  4).  This  still  box  or  tide  well  was  fitted  with  a  direct-reading 
float  gage  like  those  used  in  the  artesian  wells.  This  arrangement  is  not  to  be  rec- 
ommended during  stormy  weather,  but  fortunately  during  the  whole  time  of  obser- 
vation at  this  place  no  trouble  was  experienced  from  that  cause.  ^  ^ 
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Obeervations  were  commence*!  on  the  Cas'no,  Underbill,  and  Burgess  wells  on  the 
evening  of  May  ISO,  by  a  party  in  charge  of  Mr.  Isaiah  Bowman,  and  continued,  with 
interruptions  on  the  nights  of  May  30  and  31  and  June  1,  to  10  p.  m.  on  June  4. 

On  June  10  and  11  observations  were  made  on  the  Lee  (or  Hill)  well,  covering  two 
high  and  two  low  tides,  and  for  the  purpose  of  comparison  the  Casino  and  tide  welLn 
were  al^o  ol)served.  Ol>8ervation8  were  generally  made  every  minute  for  thirty 
minutes  preceding  and  following  the  times  of  high  and  low  water,  and  from  these 
values  the  curves  shown  in  fig.  8  were  drawn.  Times  of  high  and  low  water  were 
found  by  plotting  the  ol)8ervation8  near  high-  and  low-tide  marks  on  a  much  larger 
scale,  in  the  manner  shown  in  fig.  3.  The  values  so  obtained  are  indicated  on  fig.  8, 
and  are  given  in  the  following  table: 

Difference  in  time  Itetween  high-  and  low-waler  stages  in  four  artesian  wells  at  Oyster  Bap ^ 
X.  Y. ,  and  the  tide  in  Oyster  Bay  Harbor. 

[Time  expressed  In  hours  and  minutes  of  *24-hour  clock.] 
HIGH  T;;DE8. 


1908. 

May 

30. 

May  31. 

June 

June  2. 

Junes. 

June 
4. 

June 
10. 

"•    1    Z 

Casino  well    

14,62 
14.43 

17.05 

5.19 
5.12 

18.11 
18.02 

6.38 

1    uks. 

12.22 

Tide 

1 

16.54 

6.29j 12.20 

-- 

Difference  (Ia^)  .. 

.09 

TsTis 

14.43 

.11 

17.15 
16.54 

.07,      .09 
6.88^  18-26 

.09 .02 

0.^ 

-  — 



16.06 
15.44 

6.56 
6.29 



Burgess  well       

Tide 

5.12 

18.02 

. 

Difference  (lag) . . . 

.30       .21 

.21         -2fi 

.23 

.27 

24.7 

Lee  well 

a0.20   13.12 
23.48'  12.20 

Tide 

1 

1 

1 



1 

1 

Difference  (lag) ... 

' 

.32'      -n2         .42 

— ^ 

16.02 
14.43 

~1A9 

17.02 
16.44 

Underbill  well 

18.00 
16.54 

6.20 
6.12 

19.10 
18.02 

7.41 
6.29 

Tide 



Difference  (lag) . . . 

[ 

L18 

1.06 

L06 

1.08 

1.12 

71.8 

1 

LOW 

TIDES 

J. 

Casino  well 

20.28 
20.10 

9.21 
9.04 

1 

23.46   12,08| 

28.86   11.56* 

1 

0.47    17  42     fi.32 

Tide 

1 

.88 
.09 

17.83     6.20 

1 

Difference  (lag) ... 

.18 

.17 

1 

.  10       .  13, 

.09       .12     12.6 

-" 

Burgess  well 

10.41 
10.00 

n.26a0.10 

10.53   23.m' 

12.28 
n.56 

■:» 

- 

tS.4 

Tide 

38 

Difference  (lag) ... 

.41 

.34 

.33 

.       "^ 

Lee  well 

i 

18.23 
17.83 

7.26 
6.20 

Tide 

1 

t 

Difference  (lag)  ... 

.w 

1.06 

.58 

2L26 
20.10 

1.15 

12.06 
10.53 

aO.56 

• 

Underbill  well 

10.17 
9.04 

11.22 
10.00 

13.11 
11.56 

1.49 
.38 

75.6 

Tide 

23.86 

Difference  (lag) ... 

1.13 

1.22 

1.13 

1.19 

1.16 

1.11 

a  Morning  of  following  day. 
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OBSERVATIONS  WITH  SELF-RECORDING  GAGES. 

INSTRUMENTS   USED. 

The  continuation  of  the  obeervations  by  means  of  self-recording  gages  was  due  to 
the  timely  interest  of  Mr.  F.  H.  Newell  and  Prof.  Charles  S.  Slichter.     Mr.  Newell 
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visited  the  island  when  the  oljservations  at  Oyster  Bay  were  in  i)rogres8,  and  at  once 
airected  that  three  Friez  water-stage  registers  be  purchased.     These  were  supple- 
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mented  by  a  gage  constructeii  at  Purdue  University  from  the  designs  of  Mr.  Elwood 
Mead. 

Shortly  after  Mr.  NewelPs  visit,  and  before  the  Friez  gages  had  been  received, 
Prof.  Charles  S.  Slichter  arrived  to  take  charge  of  the  measurement  of  the  rate  of 
underflow.  He  kindly  obtained  the  loan  of  five  of  the  gages  used  by  King  in  hie 
experimenta  at  Madison,  Wis. ; «  of  these,  four  were  week  gages  and  one  a  one-day 
gage.  The  King  gages  were  constructed  by  H.  Green,  Brooklyn,  from  barograph 
stands;  they  consist  of  an  ordinary  barograph  cylinder,  driven  by  a  double-spring 
marine  clock,  the  recording  device  being  a  simple  lever  on  a  cone  bearing  with  a  pen 
on  one  end  and  a  place  for  attaching  the  float  on  the  other.  At  the  point  where  the 
clock  motion  is  transmitted  to  the  drum  there  was  a  slight  amount  of  play  which 
King  found  would  introduce  into  the  records  an  error  of  one  to  two  hours.  A  fric- 
tion brake  was,  however,  subsequently  ^dded  to  overcome  this  defect.  The  gages 
as  received  on  J-rong  Island  were  adjusted  to  magnify  the  fluctuations  two  or  more 
times;  and  as  this  scale  was  entirely  too  great  for  the  wells  observed,  the  arm  was 
extended  until  the  ratio  was  1:2  and  a  reduction  of  one-half  thereby  obtained. 
These  gages  were  found  to  be  more  sensitive  and  reliable  than  any  others  used.  By 
means  of  the  simple  lever  with  its  cone  bearing,  the  friction  in  this  instrument  is 
reduced  to  a  minimum ;  the  pens  respond  to  the  slightest  movement  of  the  M*ater, 
and  for  the  faithful  reproduction  of  small  fluctuations  this  simple  type  of  gage  is  to 
be  higlily  recommended. 

In  the  Mead  gage  the  recording  drum  is  vertical  and  the  pen  is  carried  by  a  carriage 
working  between  two  upright  guides.  The  wire  supporting  the  carriage  winds  about 
a  wheel  connected  with  the  wheel  around  which  a  wire  from  the  float  passes,  and  is 
lifted  and  lowered  as  the  float  descends  and  rises.  The  float  and  the  wheel  to  which 
the  pen  is  attached  are  so  related  in  diameter  that  the  curve  traced  is  10/42  of  the  true 
scale.  There  is  with  this  gage,  as  with  most  gages  where  the  recording  cylinder  is 
driven  by  the  clock,  some  lost  motion  at  the  point  of  connection.  This  is  particu- 
larly bad  in  this  instrument  On  the  Long  Beach  records  great  care  was  used  in  set- 
ting the  gage  and  the  trouble  was  avoided,  but  some  of  the  curves  from  well  No.  8,  at 
Douglaston,  are  clearly  in  error  two  to  three  hours. 

In  the  Friez  gage  ^  the  recording  drum  is  horizontal  and  is  moved  by  the  float, 
while  the  pen  is  moved  by  the  clockwork.  It  was  found  that  with  the  size  of  float 
that  must  be  used  in  wells  of  small  diameter  the  inertia  of  the  drum  in  this  instru- 
ment was  such  that  it  would  not  move  until  considerable  head  was  developed  and 
that  small  fluctuations  were  often  not  recorded.  There  was  also  a  considerable 
amount  of  lost  motion  in  the  cogs  used  in  the  reducing  device;  and  while  an  eccen- 
tric was  provided  for  engaging  the  cogs  closer,  this  could  not  be  done  without  so 
increasing  the  friction  that  the  instrument  was  useless.  As  a  whole,  this  gage  is  not 
sufficiently  sensitive  for  this  kind  of  work,  and  the  time  element  is  entirely  too  small. 

A  water-stage  register  manufactured  by  a  western  house  was  also  used,  but  the 
results  obtained  were  not  satisfactory  because  of  the  poor  mechanical  construction  of 
the  gage. 

OBSERVATIONS    ON    WELL    OF    QUEENS    COUNTY    WATER    COMPANY,    1     MILE    WEST   OP 

HEWLETT,  N.  Y. 

Through  the  kindness  of  the  chief  engineer  of  the  Queens  County  Water  Company, 
Mr.  Charles  R.  Bettes,  an  artesian  well  181  feet  deep  and  3,300  feet  south  of  the 
company's  pumping  station  (PI.  II)  was  covered  with  a  shelter  for  the  protection  of 
the  gages  and  placed  at  the  disposal  of  the  Survey.  This  well,  as  is  common  with 
the  wells  of  about  the  same  depth  sunk  near  the  pumping  station,  passes  through  a 
layer  of  surface  sand  and  gravel,  then  through  beds  of  clay  and  other  flue  material 

a  Bull.  U.  S.  Weather  Bureau  No.  5, 1892. 

b  Manu'.actured  by  Julian  P.  Friez,  Baltimore.  Md. 
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Table  showing  difference  in  time  between  high  and  low  itxiter  in  a  SSS-fool  well  at  Long 
Beach,  N.  K,  and  tide  at  East  Rockaway  Inlet — Continued. 


Date. 


1903. 


July  13. 
July  14 . 
July  16, 
July  16. 
July  17. 


High  water. 


Well. 


Time. 
11.50 
23.00 
11.40 
23.45 


12.20 
0.30 


1.10 


Tide. 


Time. 
9.44 
21.54 
10.21 
22.28 


11.08 
23.09 


23.56 


Average. 


Differ- 
ence. 


Hours 

and  min- 

uies. 

2.06 

1.06 

1.19 

1.17 


Low  water. 


Well. 


1.07 
1.21 


1.14 


1.19 


Time. 

4.50 
16.55 

6.10 
17.10 

5.55 
18.00 

6.20 
1ft.  20 

7.20 


Tide. 


Differ- 


Time, 

8.44 
15.44 

4.19 
16.21 

4.55 
17.04 

5.34 
17.65 

6.27 


Hour* 
and  min- 
ute*, 

L06 

1.11 

a  51 

LOO 
0.56 

a46 
as 
a58 


0.40 


It  will  be  noted  that  the  lag  at  high  water  is  greater  than  at  low,  which  is  just 
the  reverse  of  what  occurs  in  tidal  rivers,  where  the  water  rises  much  more  rapidly 
than  it  falls  and  the  low-water  lag  is  long  and  the  high-water  lag  short.  This  is  aii 
important  result  bearing  on  the  relation  between  the  fluctuations  of  the  water  in 
wells  and  the  o<;eanic  tide  and  clearly  refutes  the  doctrine  that  the  tidal  fluctuations 
here  are  due  to  leakage  and  that  the  fluctuations  are  analogous  to  those  of  tidal 
rivers.     (See  pp.  63-67.) 

OBSERVATIONS   ON  THE  SCHREIBER  WELL  NEAR  MILLBURN,    N.    Y. 

This  well  is  located  on  the  very  edge  of  the  sea  marsh,  about  2  miles  south  of  Bald- 
win station  on  the  Long  Island  Railroad  (PI.  II).  It  is  8  inches  in  diameter  and 
the  total  depth  determined  by  sounding  is  288.6  feet.  The  water  will,  when  piped 
up,  rise  about  a  foot  above  the  surface  of  the  ground.  After  an  unsuccessful  attempt 
to  record  the  fluctuations  here  with  a  Friez  gage,  which  gave  no  results  because  of 
the  small  amplitude  of  the  fluctuations,  the  King  gage  used  on  the  Queens  County 
Water  Company  well  near  Hewlett  was  set  up  and  the  record  obtained  from  July  17 
to  August  5.  This  record  shows  the  most  erratic  fluctuations  obtained  on  Long 
Island  (PI.  V). 

In  all  the  other  records,  while  there  are  always  many  factors  present,  certain  fluc- 
tuations can  be  definitely  ascribed  to  temperature,  atmospheric  pressure,  rainfall, 
pumping;  or  transmitted  tides,  but  here  either  the  curves  produced  by  several  of 
these  factors  have  been  so  superposed  that  the  character  of  each  is  thoroughly 
masked  or  new  factors  have  been  introduced.  The  most  evident  characteristic  of 
these  curves  is  the  greater  rapidity  and  abruptness  in  the  fall  of  the  water  than  in 
its  rise.  Abrupt  drops  of  this  character  are  known  to  be  produced  by  changes  in 
barometric  pressure  and  by  pumping.  It  will  be  noted  in  this  case  that  these  fluc- 
tuations are  not  represented  in  the  barograph  curve,  and  a  comparison  with  the 
record  from  the  504-foot  well  at  Lynbrook  (PI.  VI),  in  which  the  geologic  condi- 
tions are  very  similar,  shows  no  correspondence,  although  the  Lynbrook  well  is 
clearly  greatly  affected  by  barometric  changes. 

The  nearest  pumping  stations  are  at  Rockville  Center  and  Freeport,  and  these  are 
small  village  plants.  At  Rockville  Center  there  were  at  this  time  four  8-inch  wells, 
about  50  feet  deep,  and  at  Freeport  4  wells,  about  35  feet  deep.  At  Rockville  Center 
about  150,000  gallons  per  day  were  pumped,  and  at  Freeport  about  100,000.     These 
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stations  are,  respectively,  1.9  and  2.4  miles  from  the  Schreiber  well  (PI.  II).  The 
Eiocrkville  Center  pumping  station  is,  moreover,  nearer  the  deep  Lynbrook  well  than 
the  Schreiber  well,  and  the  Lynbrook  well  shows  no  such  fluctuations.  It  is  there- 
fore believed  that  these  fluctuations  are  not  due  to  pumping. 

A  third  hypothesis  is  that  the  fluctuations  are  largely  tidal,  and  that  they  represent 
the  complicated  stresses  resulting  from  the  culmination  of  the  tides  at  different  times 
in  the  neighboring  network  of  creeks  and  channels.  The  conditions  near  this  well 
are  regarded  as  quite  favorable  for  complex  tides,  but  the  resultant  of  these  would 
be  represented  by  a  Smooth  curve,  as  is  shown  by  the  Long  Beach  well.  The  normal 
tidal  curve  in  such  narrow  channels  would,  moreover,  show  a  rapid  rise  and  a  gradual 
fall,  while  the  well  curve  is  just  the  reverse. 

The  fluctuations  in  this  well  are,  so  far  as  known,  unique.  The  geologic  condi- 
tions are  believed  to  correspond  in  a  general  way  with  those  in  the  368-foot  well  at 
Long  Beach  and  the  504-foot  well  at  Lynbrook,  both  in  the  same  region,  but  the 
characteristics  of  the  curves  are  entirely  different  and  apparently  not  related  to  either. 

OBSERVATIONS   AT   LYNBROOK,  N.    Y. 

A  station  was  established  one-half  mile  west  of  Lynbrook  (PL  11).  At  this  point 
there  were  two  test  wells,  one  504  feet  deep  and  the  other  72  feet,  belonging  to  the 
Queens  County  Water  Company.  Through  the  kindness  of  Mr.  Franklin  B.  Lord, 
president,  and  Mr.  Charles  R.  Bettes,  chief  engineer,  these  wells  were  covered  with 
a  shelter,  and  a  third  well,  14  feet  deep,  driven  about  6  feet  from  the  other  );wo. 
This  gave  a  shallow  surface  well,  a  "deep  well"  (comparable  to  many  of  those  used 
at  the  Brooklyn  waterworks  pumping  stations  west  of  this  point)  which  flowed  at 
the  surface  for  about  half  the  time,  and  a  very  deep  artesian  well,  all  within  a  few 
feet  of  each  other  and  away  from  the  zone  of  influence  of  any  pumping  station. 

About  15  feet  from  the  wells  there  is  a  small  ground -water  fed  brook,  the  bottom  of 
which  has  an  elevation  of  about  10  feet  above  sea  level;  the  ground  at  the  wells  is 
11.3  feet  above  sea  level,  and  the  crest  of  the  low  swell,  1,000  feet  to  the  west,  about 
20  feet  (PI.  II,  p.  16).  The  surface  material  is  yellow  loam,  ranging  from  a  few 
inches  to  3  feet  thick,  then  rather  coarse  sand  and  gravel.  No  record  was  preserved 
of  the  strata  penetrated  in  the  72-  and  504-foot  wells,  but  a  new  well  sunk  during  the 
summer  of  1904,  about  300  feet  west  of  this  group  of  wells,  gave  the  following  section: 

Section  of  well  of  Queens  County  Water  Company^  one-half  mile  west  of  Lynbrook^  N.  Y. 

Tisbury:  Feet. 

1.  Coarse  yellow  quartz  sand;  no  erratic  material 0-29 

2.  Light-gray  sand 29-31 

3.  Same  as  No.  1 31-73 

Cretaceous?: 

4.  Light-gray  silty  clay 73-89 

5.  Light-yellow  medium  sand ;  no  erratic  material 89-150 

Cretaceous: 

6.  Fine  to  medium  gray  lignitic  sand 150-158 

7.  Very  fine  black  micaceous  lignitiferous  silt 158-200 

8-9.  Very  fine  dark-colored  lignitiferous  sand 200-228 

10.  Medium  light-gray  sand,  with  small  amount  of  lignite 228-340 

11.  Dark-colored  lignitiferous  silty  clay 340-363 

12.  Medium  dirty-yellow  sand,  lignitic 363-403 

13.  Medium  to  coarse  gray  sand 403-636 

The  water  in  the  504-foot  well,  during  the  time  of  observation,  stood  from  0.8  foot 
to  2.2  feet  above  the  surface;  in  the  72-foot  well  from  0.6  foot  below  to  0.5  foot  above 
the  surface,  and  in  the  14-foot  well  from  0.6  foot  below  to  0.2  foot  above  the  sur- 
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face.  The  water  in  the  14-foot  well  rose  above  the  surface  three  or  four  times  for 
;>eriod8  of  a  few  hours.  The  elevation  of  the  water  table  under  the  low  swell  to  the 
west  was  probably  about  13  feet 

Mr.  Francis  L.  Whitney  was  placed  in  charge  of  the  observations  at  this  point,  and 
King  gages  were  installed  on* supports  clamped  to  the  well  casings.  The  gages  were 
maintained  from  June  25  to  September  15,  and  some  of  the  results  are  given  in 
PI.  VI.  These  give  a  large  amount  of  important  material  bearing  not  only  on  purely 
scientific  problems,  but  on  some  of  the  live  economic  problems  of  the  region.  It  will 
be  noticed  that  as  a  whole  the  curves  of  these  wells  are  parallel.  This  bears  very 
directly  on  the  old  question  of  the  source  of  the  water  in  the  deep  wells  on  Long 
Island.  Jt  has  long  been  a  favorite  hypothesis  that  in  some  mysterious  way  large 
quantities  of  water  were  introduced  by  great  underground  streams  from  the  New- 
England  States,  and  this  504-foot  well  was  one  of  the  wells  which  were  supposed  to 
Htrike  one  of  these  streams.  It  has  already  been  shown  ^  that  the  source  of  the  water 
in  the  deep  wells  on  Long  Island  is  from  the  rain  that  falls  on  the  surface  (see  p.  10), 
and  the  really  remarkable  agreement  of  the  general  shape  of  these  curves  furnishes 
additional  confirmation,  pointing  as  it  does  to  close  interrelation  and  a  common 
source. 

The  behavior  of  these  wells  during  rain  storms  shows  that  rain  may  affect  the 
water  level  in  wells  in  two  ways,  (1)  without  the  water  reaching  the  ground-water 
table,  and  (2)  by  actual  infiltration  and  addition  to  the  ground  water.  In  both 
cases  the  effect  is  greatest  in  the  shallow  well.  In  the  first  case  all  wells  commence 
to  rise  as  soon  as  the  rain  begins,  and  rise  abruptly,  sometimes  several  inches.  That 
this  can  not  be  due  to  actual  infiltration  is  shown  by  its  instantaneous  character  and 
by  the  fact  that  the  water  in  the  shallow  14-foot  well,  driven  entirely  in  sand,  rose 
above  the  surface  of  the  ground  four  times  under  such  circumstances.  Such  rises, 
moreover,  produce  no  permanent  deflection  of  the  well  curve.  (See  record  for  Aug. 
18-22,  PI.  VI.) 

Tlys  sudden  rise  is  due  to  a  number  of  factors.  In  the  first  place,  when  the  soil 
above  the  water  table  is  filled  with  air  the  addition  of  water  to  the  surface  practi- 
cally seals  the  outlets  for  the  air  and  the  weight  of  the  rain  is  transmitted  by  this 
confined  air  to  the  water  table.  The  effect  of  such  a  transmission  is  to  hasten  the 
discharge  of  the  water  at  the  ground- water  outlet,  and  so  produce  an  immediate  rise 
in  the  streams.  In  this  manner  rains  which  never  reach  the  ground-water  table 
and  which  do  not  contribute  directly  to  stream  flow  may  immediately  produce  a 
greatly  increased  stream  discharge.  It  should  be  noted  in  this  connection  that  the 
well  always  rose  before  the  adjacent  brook,  although  the  brook  might  later  reach  a 
higher  elevation. 

In  the  second  case,  when  the  water  in  the  wells  is  elevated  by  the  actual  percola- 
tion of  water,  the  water  rises  gradually  and  reaches  its  highest  point  several  days  or 
weeks  after  the  rain,  rather  than  in  several  minutes.  In  the  case  of  the  heavy  rains 
which  occurred  on  August  28,  the  14-foot  well  reached  its  highest  point  before  noon 
on  the  29th,  the  72-foot  well  at  about  6  o'clock  on  the  29th,  and  the  504-foot  well  at 
noon  on  the  30th.  There  are  three  factors  concerned  in  this  last  rise:  (1)  The 
instantaneous  transmission  of  pressure  due  to  weight  of  rain  on  the  surface  in  the 
vicinity  of  the  well;  (2)  actual  percolation  in  the  vicinity  of  the  well,  and  (3)  pro- 
gressive deformations  resulting  from  the  weight  of  the  rain  at  more  distant  points. 
The  rise  in  the  deeper  wells  is  wholly  due  to  the  first  and  third  causes.  The  curve 
in  this  case  is  actually  displaced  and  returns  to  its  former  position  only  gradually, 
instead  of  at  once,  as  in  the  case  described  above. 

Barometric  changes  affect  the  504-foot  well  most,  but  are  occasionally  perceptible 
in  the  72-foot  well.  Temperature  changes  produce  rhythmical  daily  fluctuations  in 
the  14-  and  72-foot  wells;  in  the  first  the  changes  are  very  pronounced,  amounting 

a  Prof.  Paper  U.  S.  Geol.  Survey  No.  44, 1906,  pp.  67-60. 

Digitized  by  VjOOQIC 


Digitized  by  CjOOQIC 


Digitized  by  CjOOQIC 


OBSERVATIONS   WITH   SELF-RECORDING    GAGES. 


25 


to  as  much  as  1 J  inches  a  day.  The  504-foot  well  showed  a  regular  fluctuation  with 
two  high  and  two  low  waters  a  day.  The  fluctuation,  however,  is  not  progressive, 
and  so  is  not  tidal. 

The  curve  from  the  504-foot  well  shows  a  great  number  of  minor  periodic  oscilla- 
tions, but  the  time  scale  is  not  sufficiently  great  to  study  them  satisfactorily.  The 
most  pronounced  of  the  series  has  a  period  of  about  forty  minutes.  The  72-foot  well 
occasionally  shows  well-marked  secondary  oscillations,  with  a  period  of  approxi- 
mately eighty  minutes.  For  a  careful  study  of  these,  however,  a  much  larger  gage 
with  a  large  time  scale  is  demanded. 

OBSERV.\TIONS   AT  DOUGLASTON,  N.  Y. 

In  the  winter  of  1902  and  1903  a  number  of  shallow  wells  were  sunk  along  the  base 
of  hills,  east  of  Alley  Creek,  and  near  **The  Alley,**  an  old  settlement  just  south  of 
Douglaston,  N.  Y.  (PI.  Vll),  for  the  Citizens*  Water  Supply  Company.  Six  of  these 
are  flowing  wells,  and  in  the  other  two  the  wat-er  comes  very  near  the  surface.  Through 
the  kindness  of  Mr.  Cord  Meyer  and  his  son,  Mr.  J.  Edward  Meyer,  president  and 
superintendent,  respectively,  of  the  Citizens*  Water  Supply  Company,  the  flowing 
wells  were  piped  up  beyond  the  limit  of  flow  and  thus  prepared  for  gaging. 

The  relative  elevation,  depths  and  head  in  these  wells  are  shown  in  the  following 
table: 

Elevations  in  wells  of  Citizens^  Water  Supply  Company ^  at  Douglaston^  N.  Y. 


AJley  Pond 
Well  No.  1 . 
Well  No.  2. 
Well  No.  3 . 
Well  No.  4 , 
Well  No.  6 . 
Well  No.  6. 
Well  No.  7 . 
Well  No.  8 . 


Elevation 

of  surface 

above  sea 

level. 

Depth  of 
bottom  of 
pipe  below 
«ea  level. 

Fed. 

Feet. 

17.2 

20.2 

20.6 

10.2 

25 

6 

28 

5 

25 

10.8 

39 

10.1 

36 

9.8 

80 

10.5 

17 

Average 
height 
above  sea 
level  to 
which 
water  will 

rise  if 
piped  up. 


Feel. 


17.2 
19 

9 

8.5 
18 
18 
19 
17 
16 


The  strata  encountered  vary  considerably;  some  of  the  wells  penetrate  nothing 
but  sand  and  gravel,  and  in  others  clay  beds  ot  greater  or  less  thickness  are  found. 
The  water  is  derived  from  the  adjacent  hill  mass,  the  height  of  the  ground  water  in 
which  determines  the  head  in  these  wells. 

The  tidal  marsh  to  the  west  is  a  mass  of  soft  black  mud  largely  covered  with  a  mat 
of  growing  vegetable  matter,  which  is  sufficiently  firm  to  walk  on,  but  which  gives  at 
every  step.  This  surface  mat  of  roots  is  often  sufficiently  tenacious  to  hold  up  when 
undermined  by  the  small  streams  formed  by  the  many  springs  that  occur  at  the  base 
of  the  hills,  and  these  streams  often  flow  through  underground  passages  l)eneath  the 
turf.  The  underlying  mud  or  black  ooze  is  over  10  feet  thick  in  the  upper  end  of 
the  mud  flat,  and  Mr.  D.  L.  Van  Nostrand  states  that,  in  driving  piles  for  a  dock 
at  the  bridge,  the  depth  to  ** solid  ground"  was  found  to  be  65  or  70  feet.  The  arte- 
sian pressure  beneath  this  mud  has  caused  the  ground  to  rise  in  several  places,  with 
the  resultant  production  of  many  small  rapids  (PI.  VII).  "At  a  number  of  points 
near  the  upper  end  of  the  basin,  where  the  mud  is  thin,  the  water  has  broken 
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through  and  produc*ed  low  mud  conee  or  mud  volcanoes. «  The  drilling  of  the  arte- 
sian wells  ahd  the  fact  that  they  were  allowed  to  flow  freely  have  perhaps  in  part 
relieved  the  pressure  here,  and  during  the  three  months  the  cones  were  obser^-ed 
they  did  not  change  materially,  although  on  several  occasions  mud  was  seen  rising 
from  the  craters  and  flowing  down  the  sides.  Three  hundred  feet  north  of  the  mud 
flat  and  on  the  east  bank  of  Alley  Creek  there  is  a  lesser  area  of  mud  w^hich  is  not 
covered  at  low  tide.  In  this  there  is  a  marked  mud  flow,  which  is  likewise  probably 
connected  with  the  artesian  waters  under  discussion. 

Mr.  Francis  L.  Whitney  was  placed  in  charge  of  the  work  here,  and  he  prei>ared 
wo<Kien  shelter  lx)xes  covered  with  tarred  paper.  These  were  Mcnfely  clamped  to 
the  top  of  the  well  pipes,  which  wen  jieidied  by  means  of  guy  lines.  ^  A  tide  gage 
was  establiflbed  oa  Hie  «iid  di  the  crib  of  the  drawbridge  on  the  main  turnpike. 
(H.  Vil.).  The  crib  furnished  a  very  good  still  box,  and  the  locality  is  as  near  the 
wells  as  it  was  possible  to  get,  for  to  the  south  the  creek  bed  is  uncovered  at  low  tide. 

The  equipment  consisted  of  3  Friez  gages  and  1  Mead  gage.  The  Mead  gage 
was  placed  on  well  No.  8  and  furnished  the  only  record  running  through  the 
whole  of  the  time  of  observation.  One  of  the  Friez  gages  was  placed  at  the  draw- 
bridge during  the  whole  period,  but  from  one  cause  and  another  no  recorti  was 
obtained  before  August  6,  and  after  that  time  the  record  was  not  complete. 
By  Hhifting  the  remaining  gages  records  were  obtained  for  a  time  from  all  the 
wells  but  No.  3.  Some  of  the  curves  obtained  from  these  observations  are  shown  in 
PI.  VIII. 

All  these  wells  are  clearly  tidal,  but  when  the  question  of  the  rate  of  propagation 
of  tidal  effect  is  considered  many  difllculties  are  encountered  and  the  extreme  com- 
plexity of  the  problem  at  once  becomes  evident.  The  curves,  while  broadly  resem- 
bling each  other,  show  many  minor  points  of  difference,  which  must  be  attributed 
to  the  varying  shai)e  of  the  tidal  wave  in  the  mud  flat  near  the  wells  and  the  conse- 
quent complexity  and  variation  of  the  stresses  involved.  Thus  ttie  records  from 
wells  2  and  8  show  that,  while  the  relative  amplitudes  of  the  high  tides  agree 
perfectly  and  both  show  a  tendency  toward  a  double  cusp  at  high  tide,  in  well  No.  2 
the  second  cusp  is  characteristically  greater,  while  in  well  No.  8  the  first  cusp  is  often 
the  greater;  compare  curves  from  July  27  to  29.  The  low-tide  curves  also  show  marked 
differences;  thus,  in  well  No.  2  there  is  a  continued  fall  until  the  tide  turns,  which 
it  does  sharply;  in  No.  8  there  is  a  long  period  of  stagnation  and  the  curve  is  rounded 
when  the  rise  begins.  Evidently  these  curves  are  not  readily  comparable  with  the 
tide  gage  at  the  bridge  nor  with  each  other,  for  each  represents  the  resultant  of  a 
different  set  of  forces.  The  conditions  for  the  production  of  such  differences  are  very 
favorable.  The  semiliquid  marsh  mud  yields  readily  to  all  pressure  changes,  how- 
ever slight;  the  liquidity  of  the  mud  varies  greatly  from  point  to  point,  and  while 
the  artesian  water  does  not  commonly  escape  through  the  mud  covering  it  may,  as 
shown  by  the  mud  cones,  do  so  at  any  time,  and  such  a  pK>int  of  relief  would  affect 
adjacent  wells  differently. 

Another  factor  making  exact  time  comparisons  difllicult  is  the  small  scale  of  the 
records  and  the  great  amount  of  lost  motion  in  the  Mead  gage.  The  Mead  reconls 
show  unquestionable  time  errors  of  one  to  two  hours,  and  for  this  reason  the  end 
values  are  more  important  than  the  initial  ones  of  each  record.  Where  evident 
errors  occur  in  the  record  of  the  Mead  gage  for  well  No.  8  they  have  been  cor- 
rected as  far  as  possible,  and  an  attempt  has  been  made  to  indicate  on  the  diagram 
the  various  details  affecting  the  time  values  so  far  as  known.  For  this  purpose  the 
end  of  each  of  the  original  record  sheets  has  been  indicated  on  PI.  VIII. 


a  See  Prof.  Paper  U.  S.  Qeol.  Survey  No.  46.  1906,  PI.  XX  VII,  C. 

b  An  illustration  o(  the  gage  box  on  well  No.  4  will  be  found  in  Prof.  Paper  U.  8.  Geol.  Survey  No.  44. 
1906,  PI.  XIV. 


Digitized  by  VjOOQIC 


U.  8.  OEOUXUCAL  SURVEY 


WATER-SUPPLY  PAPER  Na  IBS     PL.  VII 


Scalo 


I  mile      ^ 


SKETCH   MAP  SHOWING  LOCATION  AND  TOPOGRAPHIC  SURROUNDINGS  OF  WELLS  OF 
CITIZENS'   WATER  SUPPLY  COMPANY   NEAR  DOUGLASTON,   N.  Y. 

Black  dots  indicate  location  of  mud  volcanoes. 
By  A.  C.  Veatch.  1903. 
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OBSERVATIONS  OK  THE  NEW  YORK  CITY  COMMISSION  ON 
ADDITIONAL  WATER  SUPPLY.a 

The  Long  Island  division  of  the  commission  on  additional  water  supply  under  the 
direction  of  Mr.  W.  E.  Spear,  division  engineer,  during  the  period  from  the  middle 
of  April  to  the  last  of  October,  1903,  made  many  observations  on  the  water  level  in 
wells  on  Long  Island.  In  all  about  1,200  wells  were  observed  at  intervals  of  from 
one  to  Ihree  days  by  means  of  steel  tapes  fitted  with  cup  sounders.  From  these 
observations  Mr.  Spear  endeavored  to  obtain  the  velocity  of  the  downward  capillary 
flow  of  the  water  on  Long  Island. 

Meteorological  stations,  equipped  with  self-recording  instruments,  were  established 
at  Brentwood  and  Floral  Park  (PI.  I,  p.  9).  It  was  from  these  records  that  the 
thermograph,  barograph,  and  rainfall  curves  shown  on  Pis.  Ill,  V,  and  VI  were 
obtained. 

Mr.  Spear  UkewioD^iteaMA  frmn  th«  Terords  of  Che  Brooklyn  waterworks  data 
regarding  the  fluctuations  of  the  water  in  shallow  wells  on  the  sotith  shore  and  the 
effect  of  pumping  at  Merrick  and  Agawam. 

a  Spear,  Walter  E.,  Long  Island  sources:  Kept.  Commission  on  Additional  Water  Supply  for  the  City 
of  New  York.  Nov.  30. 1908.  New  York,  1904.  appendix  7.  pp.  617-806 
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PART  IL 

GENERAL    DISCUSSION    OF   THE    FLUCTUATIONS    OF    WATER 
LEVEL  IN  WELLS. 

CLASSIFICATION  OF  CAUSES. 

The  vertical  flucluationa  of  the  ground-water  table  or  the  changes  in  the  level  of 
the  water  in  wells  may  l)e  groupe<l  as  follows: 

A.  Fluctuations  due  to  nntural  caust's. 

I.  Rainfall  and  evaporation. 

1.  Fluctuations  not  depending  on  single  showers. 

a.  Regular  annual  fluetualions. 

b.  Irregular  Hecular  changes. 

2.  Fluctuations  produced  by  single  showers. 

a.  By  transmission  of  pressure  without  any  actual  addition  to  the  ground  water. 

b.  By  the  actual  addition  of  rain  to  the  ground  water. 
II.  Barometric  changes. 

III.  Thermometric  changes. 

1.  Fluctuation  directly  related  to  temperature. 

2.  Fluctuation  inversely  related  to  temperature. 

a.  At  the  surface  of  the  ground-water  table,  directly  through  temperature  changes. 

b.  In  deeper  zones,  by  pressure  changes  produced  by  fluctuations  of  the  precedmg 

class. 

IV.  Fluctuations  produced  by  adjacent  bodies  of  surface  water:  Rivers,  lakes,  the  ocean. 

1.  By  changes  in  rate  of  ground-water  discharge. 

2.  By  seepage. 

3.  By  plastic  deformation  due  to  varying  loads. 
V.  Fluctuations  due  to  geologic  changes. 

B.  Fluctuations  due  to  human  agencies. 

1.  Settlement,  deforestation,  cultivation,  drainage. 

2.  Irrigation. 
8.  Dams. 

4.  Underground  water-supply  developments. 

5.  Unequal  loading. 

C.  Fluctuations  due  to  indeterminate  causes. 

The  relation  between  the  fluctuations  due  to  natural  causes  may  be  stated  in  this 
way:  On  the  broad  and  irregular  curves  produced  by  the  secular  climatic  and  geo- 
logic changes  are  superposed  the  regular  annual  fluctuations,  which  are  p)erhaps  the 
most  characteristic  and  important  of  the  ground-water  fluctuations  due  to  natural 
causes;  and  on  these,  in  turn,  are  superposed  the  simple  ramfall,  barometric,  ther- 
mometric, tidal,  and  flood  fluctuations.  This  complex  curve,  made  up  of  many  r^u- 
lar  and  irregular  elements,  is  further  modified  by  human  agencies.  The  cumulative 
effect  of  the:?e  human  agencies  is  irregular  and  the  result  is  to  modify— indeed,  often 
to  largely  alter — the  character  of  the  broad  irregular  curves  produced  by  secular  cli- 
matic and  geologic  changes.  Yet  some  of  these  human  modifications  have  a  periodic 
value  which,  in  the  case  of  cultivation,  for  example,  may  greatly  change  the  ampli- 
tude of  the  annual  fluctuations,  or,  in  the  case  of  pumping  or  the  change  of  water 
level  behind  a  milldam,  may  give  rise  to  rather  regular  daily  fluctuations. 
28 
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FLUCTUATIONS  PRODUCED  BY  NATURAL  CAUSES. 
RAINFALL  AND  EVAPORATION. 

EEOULAR  AKKXTAL  FLXTCTXTATI0N8. 
GENERAL  CHARACTER   AND   CAUSE. 

Woldrich,  from  a  study  of  nine  years*  observations  on  a  19-foot  well  at  Salzburg,  con- 
cluded that  the  rise  and  fall  of  the  ground  water  stands  in  no  relation  whatever  to  the 


i''ia.  9.— Yearly  rainfall  and  water-level  curves  In  shallow  wells  In  middle  Europe  (alter  Soyka). 
The  curves  are  duplicated  for  a  second  year  to  lacilitaie  comparisons. 

amount  of  rain,  since  with  the  same  quantity  of  precipitation  it  at  times  rises,  and  again 
falls,  and  even  with  considerably  increasing  quantities  of'rain  it  often  falls  constantly. « 

aWoldhch,  Johann  Nepomuk.  Mftt.  d.  Techn.  Klubs  zu  SalzbufK.  1869,  Heft  1,  Zeltschrift  d. 
Osierreichischen  Gesellschaft  liir  Meteorologie,  Bd.  4,  1869,  pp.  273-279  Penck's  Geograpulsche 
Abhandlungen,  Bd.  2,  Hefi  3.  Wien,  1886.  p.  23. 
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While  80  broad  a  statement  i«  not  entirely  true  for  all  localities  in  the  North  Tem 
perate  Zone,  yet  it  properly  emphasises  the  fact  that  the  relation  between  the 
ground-water  fluctuations  and  the  rainfall  is  not  the  simple  one  which  might  be 
inferred  from  the  statement  that  the  rainfall  is  the  source  of  the  ground  water. 
Observations  at  many  points  in  the  North  Temperate  Zone  have  shown  that  the 


Fig.  10.— Yearly  rainfall  and  water-level  curves  in  shallow  wells  in  the  United  States.    The  curws 
are  duplicated  for  a  second  year  to  facilitate  compariftonn. 

ground  water  fluctuates  in  a  yearly  period  with  a  single  maximum  and  minimum, 
and  that  this  curve  generally  does  not  correspond  with  the  rainfall  cur\'e  (figs,  9, 10). 
Indeed,  at  Frankfurt,  Bremen,  Berlin,  and  Brunn,  the  highest  point  of  the  groaini 
water  is  in  the  spring  months  at  the  time  of  least  rainfall  (fig.  9).     The  yearly 
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curves  of  the  ground  water  are  much  more  regular  than  the  rainfall  curve,  and  on 
the  whole  in  general  shape  they  most  resemble  the  annual  temperature  curve  (fig. 
11).  The  reason  for  this  difference  is  the  simple  one  that  the  fluctuations  of  the 
ground  water  depend  not  only  on  the  absolute  amount  of  the  rainfall,  but  on  the 
quantity  that  reaches  the  zone  of  complete  saturation,  or  the  ground- water  table, 
and  the  time  consumed  in  so  doing.  The  quantity  is  affected  by  many  factors, 
among  which  are  the  evaporation  from  the  surface  of  the  ground,  the  evaporation 
or  transpiration  from  plants,  the  quantity  retained  in  the  soil  above  the  zone  of  satu- 
ration, and  the  amount  that  runs  directly  off  the  surface  without  ever  penetrating 
the  ground.  The  time  element  is  affected  by  the  porosity  and  moisture  content  of . 
the  soil,  the  character  of  the  covering,  and  to  a  greater  or  less  extent  by  the  height 
of  the  soil  column.  The  general  result  is  that  the  water  is  delivered  gradually  to 
the  zone  of  complete  saturation,  and  as  the  effects  of  single  rains  are  thus  generally 
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Fig.  11.— Annual  curves  based  upon  mean  monthly  ayerages  of  ground-water  level  at  Bryn 
Mawr,  Pa.,a  and  temperature  and  rainfall  at  Philadelphia,  Pa., ft  for  the  period  1886-1895, 
showing  the  general  resemblance  of  the  ground-water  and  temperature  curves.  The 
exact  agreement  of  the  maximum  ground-water  level  and  the  maximum  temperature  is 
unusual.     . 

minified  and  often  entirely  blotted  out,  a  relatively  smooth  curve  results  (PI.  IX). 
This  yearly  period  of  the  ground  water  is  largely  due  to  the  periodic  character  of  the 
evaporation,  including  plant  transpiration.  This  depends  on  the  temperature,  and 
the  net  result  for  the  year  is  a  simple  curve  of  the  same  shape  as  the  mean  tempera- 
ture curve,  although  inversely  related  to  it,  hence  the  general  resemblance  of  the 
yearly  well  curve  to  the  temf>erature  curve.  Were  the  rain  uniform  throughout  the 
year,  and  were  there  no  lag  due  to  transmission  or  unmelted  snow,  the  maximum 
ground-water  level  would  occur  at  the  time  of  the  minimum  temperature  and  satu- 
ration deficit  of  the  atmosphere,  or,  in  the  North  Temperate  Zone,  in  January.  The 
effect  of  the  irregular  distribution  of  the  rainfall  is  to  change  the  time  of  the  occur- 
rence of  this  maximum.     A  moderate  excess  of  rain  in  the  summer,  such  as  occurs 

a  Observations  <»f  W.  8.  Aucbincloss:  Waters  within  the  Earth  and  Laws  of  Rainflow.  1897. 
^Observations  of  U.  8.  Weather  Bureau;  Annual  Summary  Pennsylvania  Climate  and  Crop  Service. 
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at  Frank furt-am-Main,  causes  the  maxiroam  to  advance  to  March,  while  at  Bremen, 
Berlin,  and  Briinn,  where  the  difference  between  the  summer  and  winter  rainfall  is 
progressively  greater,  in  the  ortier  named,  the  maxima  occur  reHi>ectively  in  March, 
April,  and  May  (fig.  9).  The  extremely  great  summer  precipitation  at  Munich  and 
Salzburg,  together  with  the  low  rainfall  in  January,  causes  the  maximum  at  those 
places  to  advance  to  July  and  August. 

In  thin  conn(»cti<m  the  observations  of  (1)  Dickinson  and  Evans,  (2)  Greavee,  and 
(.S)  I^wes  and  (iiUx^rt,  near  London,  are  of  great  interest.  All  of  these  obnerven* 
endeavored  to  determine  the  amount  of  rain  actually  contributed  to  the  gri>und 


Fio.  12.— Result*  of  Eniflish  percolation  experiments.  In  the  Dickinson  and  Evans  experiments  the 
gages  were  buried  in  the  ground;  one  was  filled  with  ordinary  Hertfordshire  soil  (a  sandy,  grav- 
elly loam)  and  covered  with  sod;  the  other  was  filled  with  chalk  and  covered  with  a  thin  layer 
of  soil  and  sod.  In  the  Lawes  and  Gilbert  observations  columns  of  a  rather  heavy  loam  with 
cluy  subwil  in  their  natural  state  of  consolidation  were  built  In  with  brick  and  cement;  no  veg- 
etation was  allowed  to  grow  on  the  gages,  which  were  surrounded  by  meadow  land.  Curves  are 
hawed  on  the  monthly  averages  from  September  1, 1870,  to  August  81, 1902. 

water.  Each  used  vessels  with  impervious  sides  and  pervious  bottoms,  sunk  level 
with  the  surface  of  the  ground.  The  water  percolating  through  the  soil  columns  was 
collecte<i  and  compare<i  with  the  yield  of  the  adjacent  rain  gages.  In  the  case  of  the 
Dickinson  and  Evans  and  the  Greaves  experiments  the  boxes  were  filled  with  mate- 
rial supposed  to  represent  the  average  soil  of  the  region,  in  both  cases  a  sandy  loam. 
In  the  Lawes  and  Gilbert  experiments  actual  blocks  of  soil  were  undermined  and  the 
results  represent  the  amount  of  rainfall  passing  through  a  heavy  loam  with  a  clay 
sulwoil  in  its  natural  condition  of  consolidation,  but  not  covered  with  vegetation.  The 
average  results  obtained  are  given  in  the  following  table  and  are  partially  shown  in 
a  graphic  manner  in  fig.  12. 


Digitized  by  VjOOQIC 


U.   8.  QEOLOQICAL  SURVEY 

WATEft-AUPPLV 

PAPEft 

NO. 

166 

PL 

.   IX 

M«t«rs 
■bo««  ••■ 

230- 

82a 

8ia 
aoa 

290 

280 

270. 
8W 

260.. 

< 

z 
= 

1 

W.ter  l.v.r  /!„„                           .                   si? 

■ " "—                  ^               g    "   • 

Water  level  March                    *                 s    M 

PDOPii  P  ^MnwiKir^  1  n£ 

. j 

1  H^^ 

1 

0                                                                                                        i\ 

J 

Residual  mus  eurva 

showing 

cxocM  rainfall  In  mlllimalar* 

over  moan 

July  1886  Doe.  1800. 

B(  Hoho  Warto  atatlon,  Vienna. 

l.hri.^VM'  4ar  k.k.  GMttBl.AMtaM  iSr' 

rA 

60     \ 
0       1 

■ 
>ioo  8 

1 

^ 

«A 

_\ 

^ 

1 

^ 

V 

\ 

V 

1 

\ 

-d 

\ 

7 

^A 

\C 

/V 

\ 

\ 

Motors 
abovo  aoa 

iiMiMBorvaU         T!*.e^ 

VJ 

'vT^ 

"! 

288 

288 

/ 

> 

- 

287 
288 

t 

\ 

-- 

N 

n 

/ 

— -" 

S. 

285 

- 

V 

~^ 

/ 

/ 

^ 

\ 

284 
283 

\ 

V 

— 

/ 

I 

/ 

282 
281 
280 

\ 

/ 

N 

1 

f— 

\ 

\ 

- 

- 

- 

i 

-— 

278 
278  • 
277 
276  f 
276  • 

"*; 
273* 

272  • 

> 
271   o 

270  • 

268  , 

288  • 

26e 

286 

284 

^ 

- 

- 

^ 

K 

<£ 

J 

y 

/ 

\ 

- 

, 

L.un*  \ 

■ar 

Kal 

f\%_ 

orl 

Wait  !■•.«.        8«H^aW«atlMi 

J^*! 

y 

■^ 

^'^ 

"  ■* 

— J5 

/ 

-P" 

"^ 

•^ 

<e 

WaN  Na.2.         fl«Hb«  ata<MlM 

y 

N 

s 

/ 

^ 

BM*Mi.r..U 

aae.12 

110.441 

\ 

7 

/ 

*— -*•   tesiss^'- 

y 

\ 

<<, 

q 

s. 

t 

/ 

t — 1 

X" 

Sim 

^ 

:^ 

N 

s— 

:^ 

V 

^ 

"^ 

w.a5.4.      gjHi2--.|~  !«.« 

X 

^ 

N 

«h 

"^ 

^ 

— s 

si4_ 

y 
X 

/ 

/ 

/ 



^ 

1 

y^~ 

>^ 

s^ 

V 

s^ 

■^ 

/ 

i 

C 

■ 

^ 

.^ 

^ 

^ 

"^ 

^ 

y*— 

. 

5r 

^ 

o 
^ 

j;;-^ 
^ 

.^ 

**^ 

t 

^ 

y^ 
^ 

• 

v 

^ 

^% 

IX 

^ 

r 

^ 

^::= 

■^ 

^^ 

^ 

:^ 





i 

jMlaaaCwa        3*1.09! 

1 

ihi 

RW4 

"^ 

-4^ 

^ 

^ 

288 

— 

J^ 

i^ 



-*- 

. 

— 

282 
281 
280 

- 

H 

G 

pok 

— 

— 

— 

— 

~ 

~ 

~ 

268 
268 

267 

=> 

£ 

^ 

5 

o 

o 

§ 

ac 

1 

S 

o: 

X 

i 

X 

-ca- 

5 

s 

f 

§ 

ci 

1886 

1890 

ThU  illuttratos  n 
lnd«p«ndai 
•nd  minim 

Bgular 
itof  • 
um. 

•ni 

lual 
>m 

flu 
ns. 
3«ri 

rtua 

It 

cht 

lion 
alao 

1,  in 

•ho 

tchu 

Ian 
Bonc 
met 

ecu 
^nt 
ifUi 

lari 
ricf 
di« 

m< 

that 
»of 

tha 
occ 

urre 

ilfl 
nee 

uctu 
oft 

D 

.tft 

igiti 

ns  a 
•vl 

zed 

rag 
ymi 

•ne 
axinr 

G 

rally 
turn 

o< 

^gl 

Digitized  by  CjOOQIC 


FLUCTUATIONS   DUE   TO   BAINFALL   AND   EVAPORATION. 


33 


2 


n 


0  08  n 

a!! 

(I4 


'saqani  09 


'Baqau)  0^ 


'S8iiau{  oz 


'daap 
saqaui  09 


•da0p 


'daop 


aJ^vidAV)  UBjaivH 


'pa«8  q;9nojq; 
:8  un«ioajdd 

U\V1    JO   d:^)U90J9cI 


.     ®     lO     -^     iH 

^  So*  {::  S  g 


^     O     0>     r-(     d 

t  8  S3  g  ^ 


■^     lO     »     00     «     »>»     lO 

?i  8  S  ?S  S  f2  SS 


■^    C<    00    lO    ^    t^    w 


8  S  SJ  ?3  2?  £5  S 


a*   Oi 


-«AC4goeooc4eo 


S^SiSS^SSS 


{^  IS  ^  s 
•  ^  «  M* 


o   i3   O   S   S   lA   <9 


s  s  ^  s  j; 

*   iH   ci   ci 


§  S  9  £  ig 


*   lo   S 


«0     S     00     r-i     O 

*   i-i   ci   c4 


d     rl     rl     rl 


s  S^  s 

CI    c4    c4 


S  S  2  S  ^ 

ci   cj  eo   oi   c4 


'vJOCdOCOOCCiAA 


t  8  $  s 


O    lO    .-<     O    00 

JS  J5  gi  3S  S 


•1|0«  qJSnojq) 
ufBj  JO  a9to)a9aidj 


'pavsajBq^aajS 
qJ9nojq;  uopBioajaj 


q;9noaq)  uon«I09J9(i 


IlBjniBH 


-cKxiad  JO  aJ8v)uaojdcl 


-Aoo  3ii«qa  laaj  g 
qjinojqi  uoHVIoaJdrl 


'(aJ98jaAv)  ilBjuj-BH 


•m«j  oj  aon«I 
-oaaaa  jo  a^^iiaajaj 


'88U1S  iii^M  pajaAoa 
TOBoi  ApuT»  laaj  fi 
qSnojq)  uop:)Bioojoj 


-(ai^aAB)  iiBjufBH 


iC  t^   00  t-- 


3  ^ 


•A     JO    Oa 

»o   lO   la 


OO     OO     O     00     >A 


s  ^  s  ^ 


i§g§isi§§ig§§ 


^i-Hrli-li-ii-li-lr-l 


c<    f-i    c4    ci    .-< 


8  So 

ci    i-i    •-< 


t>>iAC4<-Hr-i«OfHOi-iO 

"  c4  c4  0« 


d  M  CO  C«  C* 


lO  00  €>!  O 


■M  IQ  OQ 


o  eo  c^ 


00  »o  I"-  CI  ^ 

■^  ^  ^'  g  s 


I  g  8  ^  5 


wScOfHOt^S'^ 


^  S  18  ^  S  §8 


<J   C^   .-i  .-H 


S  S  S  S5  S  S  8 

c4  ci  c4  c4  ci  .-i  CI 


■w  o  eo  o  -* 
u   .   .   .   . 

^  3  S  ■»»«  S 


(OCO>0^0»00 

iC5eoc4o'^gj'*g 


asRsssgssfsss 


l.„ 


J  iJ?  '3  s  s 


.-J   c4   c4   <N   c4   eo   ci   i-I 


IRK  155—06 J^ 


s5    ►^13    >»«    >>  tc  ^  3    >    S 


op***" 


3  Co- 


Digitized by  VjOOQIC 
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Of  these  the  Lawes  and  Gill)ert  results  are  i)erhapB  of  the  greatest  value,  because 
they  more  nearly  represent  the  normal  conditions,  and  they  extend  through  a  suffi- 
ciently long  period  to  obliterate  temporary  variations.  While  the  quantitative  values 
obtained  from  these  experiments  differ,  the  qualitative  results,  as  shown  by  fig-  12, 
are  essentially  the  same.  All  except  the  bare  sand  give  curves  of  the  same  character 
as  those  obtained  from  the  actual  observation  of  ground-water  fluctuations.  The  low 
percentage  of  water  which  passes  through  the  soil  in  summer  is  emphasized  by  all, 
as  is  also  the  greater  contribution  during  the  winter  months.  Even  in  the  bare  sand, 
where  the  water  sinks  at  once  and  so  loses  little  by  evaporation,  a  downward  tend- 
ency of  the  curve  during  the  summer  montlis  is  evident.  The  effect  of  the  heavy 
precipitation  in  the  fall  is  parti(!ularly  evident  in  the  Lawes  and  Gill^rt  results  (fig. 
12),  where  it  clearly  hastened  the  time  of  occurrence  of  the  maximum  ground- water 
percolation  by  about  two  months. 

EFFECT   OF   DEPTH    OF    SOIL   ABOVE   ZONK   OF   COMPLETE   SATUIiATION   ON   TIME  OF   OCCUK- 
EENCE   OF   YEARLY    MAXIMUM    AND   MINIMUM    OK   (;K0UN1>-WATER   LE\'EU 

It  has  been  sugge8te<l  that  the  soil  alx»ve  the  ground-water  table  tends  to  destroy 
the  effect  of  single  rains  by  causing  the  water  to  be  delivereil  gradually  to  the  zone 
of  complete  saturation,  whose  upi)er  surface  is  the  water  table.  In  the  case  of  the 
English  exi^rimentii  at  Rothamstcd  (I^wes  and  Gilbert)  and  Hemel  Hemj>stead 
(Dickinson  and  Evans)  the  maximum  perct)lation  otrciurs  from  November  to  January, 
yet  the  water  in  the  wells  in  that  region,  while  commencing  to  rise  alK)ut  December, 
did  not  reach  its  maximum  elevation  until  March, «  a  delay  of  about  three  montlis. 
Yet  in  any  attempt  to  calculate  the  rate  of  j)ercolation  from  these  data  two  difficul- 
ties are  encountered.  In  the  first  place  the  yearly  maximum  occumni  at  about  the 
same  time  in  this  region  in  wells  of  all  depths,  and,  furthermore,  the  Rothamsted 
results  (fig.  12)  show  no  very  important  difference  in  the  time  in  which  the  water 
is  discharged  through  20,  40,  and  60  inches  of  soil  so  far  as  it  relates  to  the  time  of 
oc»currence  of  the  yearly  maximum.  In  the  second  place  the  underground  water  is 
in  motion,  a  certain  amount  is  discharged  at  all  times,  and  the  amomit  increases 
with  the  head.  The  case  is  not,  therefore,  the  simple  one  where  water  is  caught  in  a 
measuring  tube,  as  in  the  i>ercolation  ex|)eriments  above  described,  but  the  water 
must  reach  the  ground- water  table  at  a  rate  greater  than  the  rate  of  the  outflow,  else 
no  rise  will  take  place. 

At  Wiener  Neustadt,  Austria,  a  similar  relation  has  been  demonstrated  by  the 
observations  made  between  1883  and  1895,  in  connection  with  the  Wiener  Neustadt 
deep-well  project  for  the  supply  of  Vienna.^  These  wells  are  in  a  valley  filling  of 
fluvio-glacial  material,  somewhat  irregular  in  character,  which  Suess  describes  as  a 
series  of  old  deltas.  <^  The  wells  extend  from  Fisha  River,  a  spring-fed  stream,  south- 
westerly along  the  Southern  Railway.  The  land  and  the  ground-water  table  beneath 
l)oth  rise  gradually  in  this  direction,  but  while  the  water  table  is  at  the  surface  of 
the  ground  at  Fisha  River,  6j  miles  south,  at  St.  Agyden,  it  is  from  140  to  170  feet 
from  the  surface,  the  exact  depth  depending  on  the  time  of  year.  (See  section  at 
top  of  PI.  IX. )  The  curves  obtained  from  this  series  of  wells,  extending  roughly 
at  right  angles  to  the  slope  of  the  water  plane,  are  entirely  concentric,  and  the  maxi- 
mum and  minimum  occur  at  the  same  time,  irrespective  of  depth  of  soil  above  the 
ground-water  table.  It  would  seem  to  follow  from  these  data  that  no  very  satisfac- 
tory determination  of  the  rate  of  downward  percolation  can  be  made  from  the  rela- 
tion of  the  time  of  greatest  precipitation,  or  percolation,  to  the  time  of  maximum 

aClutterbuck,  James.  Min.  Pn>c.  Innt.  Civil  Eng.,  vol.  2,  1842,  p.  l^^. 

6BerIcht  des  Au8.»<chu.«ses  fiir  die  Wasserversorgung  Wiens:  Osterreichischer  Ingenieur-  and 
Architekien-Verein,  18v»5. 

c  Ibid.,  p.  82;  see  also  Berieht  ilber  die  Erfolge  der  Wiener  Wa88erleitungs-Ck>mmi8Bion,  1864;  Karrer, 
F.,  Geologie  der  Franz  Josephs-Quellenleitung:  Abhandlungcn  der  K.-k.  geologischen  Reicb«n- 
stalt,  1877. 
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ground-water  leveL  The  rise  of  the  water  is  not  determined  by  the  simple  delivery 
of  water  to  the  zone  of  complete  saturation,  but  by  the  relation  of  the  water  so 
delivered  to  the  rate  of  outflow.  If  the  water  is  lowering,  a  certain  amount  is  con- 
sumed in  checking  that  tendency,  and  only  the  excess  over  the  outflow  is  available 
for  raising  the  ground- water  level.  Moreover,  in  several  carefully  observed  instances, 
the  depth  of  the  soil  above  the  ground  water  has  been  shown  to  have  no  effect  on 
the  time  of  occurrence  of  the  yearly  maximum. 

The  short-period  observations  on  Long  Island,  New  York,  during  the  summer  of 
1903,  however,  gave  quite  different  results  from  those  obtained  at  Wiener  Neustadt 
The  conditions  do  not  appear  to  be  essentially  different;  the  glacial  sands  and  gravels 
of  the  south  plain  of  Long  Island  slope  gradually  to  the  ocean  and  in  a  similar  way 
the  valley  glacial  gravels  of  Wiener  Neustadt  slope  to  Fisha  River,  and  there  is 
apparently  no  great  difference  in  the  irregularity  and  complexity  of  the  l)eilding. 
The  Wiener  Neustadt  or  Steinfeld  Valley,  it  is  true,  is  traversed  by  a  large  river,  the 
Leitha,  whope  stages  depend  on  the  conditions  affecting  its  headwaters  in  the  moun- 
tains, but  obserN'ations  have  shown  that  this  stream,  because  of  the  silted  character 
of  its  bed,  affects  only  a  few  wells  in  its  immediate  vicinity,  and  is  not  to  be  rt^rded 
as  a  disturbing  factor.  (Compare  the  river  stages  with  well  curves  on  PI.  IX. )  On 
Long  Island  the  measurements  in  charge  of  Mr.  Walter  E.  Si)ear,  department  engi- 
neer of  the  commission  on  additional  water  supply, «  showed  that,  during  the  summer 
of  1903,  the  highest  stage  of  the  ground  water  occurred,  as  a  rule,  earlier  in  the  shal- 
low than  in  the  deeper  wells  (fig.  13).  Where  the  water  level  was  less  than  20  feet 
from  the  surface  the  highest  stage  of  the  ground  water  occurred  in  April,  while  where 
the  water  level  was  60  to  75  feet  below  the  surface  it  did  not  occur  until  August. 
The  increase  of  the  retardation  was  not  always  uniform.  Thus  the  highest  water  in 
a  35-foot  well  near  Jamaica  (No.  651)  occurred  in  May,  while  in  a  well  of  the  same 
depth  near  Deer  Park  (No.  388)  it  did  not  occur  until  August,  although  in  a  well 
near  Hicksville  (No.  237),  of  about  the  same  depth,  the  maximum  occurred  in  May. 
Whether  this  irregularity  is  typical  or  is  only  a  result  of  the  rather  peculiar  season 
in  which  the  measurements  were  made  could  be  determined  only  by  observations 
covering  a  period  of  years,  instead  of  months.  It  should,  however,  be  stated  in  this 
connection  that  along  the  south  shore,  where  the  Brooklyn  water  department  has 
ol)eerved  shallow  wells  for  several  years,  the  curve  for  1903  is  not  greatly  different 
from  that  of  preceding  years,  indicating,  so  far  as  the  shallow  wells  are  conceme<l, 
that  the  year  is  not  to  be  reganled  as  an  abnormal  one  (fig.  15,  p.  39).  On  the  otlier 
hand,  the  results  are  so  at  variance  \^ith  the  thirteen  years'  observations  at  Wiener 
Neustadt,  which  apparently  cover  similar  conditions,  that  further  confirmation  of 
these  Long  Island  results,  by  additional  observations,  is  nee<led  before  any  conclu- 
sions can  be  drawn.  Certainly  the  Wiener  Neustadt  data  indicate  that  the  depth  of 
the  soil  above  the  ground-water  table  is  of  no  importance  in  determining  the  time  of 
occurrence  of  the  maximum  ground- water  level.  On  the  other  hand,  the  Long 
Island  observations  suggest  that  a  difference  in  thickness  of  60  feet  may  delay  the 
time  of  the  occurrence  of  the  maximum  level  four  months. 

The  curves  showing  the  result  of  the  Long  Island  work  indicate  further  that,  in 
the  soil  in  question,  single  showers  frequently  produce  very  definite  effects  in  shallow 
wells,  and  that  such  effects  become  less  as  the  depth  of  unsaturated  material  above 
the  water  table  increases.  Indeed,  in  the  wells  where  the  water  is  30  or  40  feet 
below  the  ground,  the  curves  are  relatively  smooth  or  the  variations  bear  no  evident 
relation  to  the  rainfall.  ^  Spear  has  attempted  to  trace  the  time  of  rise,  due  to  given 
showers,  from  the  shallow  through  the  deeper  wells,  and  so  determine  the  rate  of 


aLonx  Island  sources:  Rept.  New  York  City  Commission  on  Additional  Water  Supply,  1904,  appen- 
dix 7.  PI.  IV,  incorrectly  numbered  PI.  VI,  p.  792. 

^Many  of  the  wells  observed  by  the  commission  were  open,  dug  wells,  which  were  in  use,  and  the 
minor  fluctuations  are  partially  due  to  this  cause,  as  well  as  to  barometric  and  thermometric  changes. 
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downward  percolation  or  downward  capillary  flow.  There  are  certain  difficulties  in 
the  way  of  determining  the  value  sought  in  this  manner.  In  the  first  place,  the 
fluctuations  in  the  shallow  wells  can  not  l)e  8atiHfactr)rily  correlated  with  those  in  the 
deep  ones,  and  the  only  line  which  can  be  followed  through  the  diagram  prepared  by 
Spear  is  the  time  of  maximum  ground  water,  which,  as  indicated  above,  in  this 
region  during  the  time  of  observation,  in  general  lags  proportionally  to  the  depth. 
This  gives  a  fairly  regular  curve  and  the  remaining  curves  have  been  inferred  on 
either  side  of  this  one.  The  yearly  maximum,  however,  can  scarcely  be  attributed 
to  a  single  rain,  but  represents  rather  the  culmination  of  a  whole  series  of  events, 
and  hence  can  not  be  used  as  a  basis  of  such  a  calculation. 

In  the  case  of  regions  like  Wiener  Neustadt  it  is  clear  that  the  results  from  calcu- 
lations of  this  character  would  have  no  meaning,  and,  indeed,  what  do  the  values 
really  represent  on  Long  Island? 

IRREOTJLAB  SEOULAB  FLUOTXrATIOKS. 

The  observations  of  Dickinson  and  Evans  and  of  Lawes  and  Gilbert  with  percola- 
tion gages  developed  the  fact  that,  as  a  rule,  not  only  did  more  water  percolate  in 
wet  than  in  dry  years,  but  that  the  percentage  of  rain  water  which  passed  through 
the  soil  columns  was  usually  much  greater  in  wet  years  than  in  dry  ones.    Thus 
while  the  average  yearly  percolation  of  1870-1902  at  Rothamsted  (Lawes  and  Gil- 
bert) was  49  per  cent  of  the 
yearly  rainfall  of  28  inches,  in 
the  year  1878-79,  when  40.2 
inches  of  rain  fell,  61  per  cent         v. 
of    the    rain    water    passed       ^5 
through    a    soil    column    60       z~ 
inches  high,  and  in  the  year       ^  j 
1877-78,  with  a  rainfall  of  18.2       <  ^ 
inches,   the  percolation  was       ^^ 
but  36  i)er  cent  (see  p.  47.)       ^J 
The    general    tendency — al-       Pj 
though  there  are  exceptional       o  < 
cases,    such    as    recorded    at      gg 
Hemel  Hempstead  (Dickinson       k  S 
and  Evans)  in  1858-59,  when,  ^  ' 

with  a  rainfall  of  28  inches,  2 
inches  more  than  the  annual 
average,  the  percolation  was 
but  one-third  of  1  per  cent  ^ 

instead  of  the  usual   27  per        Fig.  14.— Residuaa-mass  curves  of  raiDfall  for  Long  island, 
cent— is  for  the  small  differ-  N.Y.,  Newark,  N.  J.,  and  Philadelphia,  Pa.    (After  Spear. 

...  ,      •    ^  II  X  1904.)    These  curves  show  the  cumulative  excess  or  defl- 

ences  in  the  annual  rainfall  to  ^^^^^^  ^^  ^^e  total  actual  rainfall  over  the  total  mean 

have  a  rather  magnified  value  rainfall  for  the  periods  under  consideration,  and  as  these 

in  the  ground-water  fluctua-  excess  or  deficiency  values  are  those  which  determine 

xj^jjg  the  long-period  rise  and  fall  of  the  ground  water  they 

,  *  ,  .  Indicate  the  general  character  of  the  secular  fluctuation 

The  yearly  variations  of  the  ^,f  ^^e  ground  water  occurring  at  these  points, 

rainfall  are  generally  pro- 
gressive over  rather  long  periods  (fig.  14),  and  corresponding  broad,  irregular  vari- 
ations of  the  ground-water  level  are  produced.  On  Long  Island  the  shallow  wells 
observed  by  the  Brooklyn  waterworks  show,  besides  the  annual  fluctuations,  secular 
variations  corresponding  in  general  with  those  of  the  rainfall  (tig.  15).  Thus  the 
lowest  point  in  both  curves  is  in  1901  and  the  highest  in  1899.  Many  differences 
are,  however,  to  be  noted  between  the  two  curves.  The  annual  curve,  though  it 
may  be  slightly  modified,  persistently  recurs,  whatever  the  rainfall.  Note  in  this 
connection  the  regular  downward  coursti  of  the  ground  water  in  the  latter  part  of 
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1898  and  1903,  when  the  rainfall  cun-e  is  rising,  and  the  appearance  in  1900  of  a 
typical  yearly  curve  when  the  rainfall  curve  falls  rather  regularly  from  the  spring 
of  1899  to  1901. 

Similarly,  in  the  Wiener  Neustatlt  observations  (PI.  IX,  p.  62)  the  secular  vari- 
ations of  the  ground-water  level  broadly  follow  the  variations  of  the  rainfall. 

The  observations  of  Auchindoss^  on  a  well  at  Bryn  Mawr,  Pa.,  which  have  been 
plotted  by  Spear  &  in  connection  with  the  yearly  rainfall  and  temperature  curves,  like- 
wise show  pronounced  annual  and  secular  fluctuations.  Here,  however,  the  secular 
fluctuations  of  the  ground  water,  while  broadly  resembling  the  rainfall  variations, 
show  some  points  of  difference.  Thus,  the  minimum  of  the  secular  curve  of  the 
ground  water  is  in  1885-86,  while  the  minimum  rainfall  is  in  1887,  and  the  general 
shape  of  the  two  curves  for  1886-87  and  1888  is  by  no  means  parallel.  The  positioDs 
of  the  maxima,  however,  agree  closely,  and  there  is  a  general  falling  off  m  both 
curves  from  1889  to  1 893-94.  Though  the  extreme  rains  of  the  latter  part  of  1889  tem- 
porarily obliterated  the  annual  curve,  it  quickly  reasserted  itself. 

In  general  it  may  be  said  that  irregularities  in  the  yearly  curve  are  due  to  irregn- 
larities  in  the  rainfall  occurring  in  the  same  year. 

AMOnHT  OF  AHKUAL  AND  8E0XJLAR  FLUOTTTAnOK. 

The  size  of  the  annual  fluctuations  depends  principally  upon  (1)  the  percentage  of 
rainfall  reaching  the  ground  water;  (2)  the  amount  of  free  pore  space  of  the  strata  in 
the  zone  affected  by  the  fluctuations,  and  (3)  the  relation  of  the  ground-water  table 
to  the  topography  of  the  region  involved. 

It  is  relatively  self-evident  that,  where  a  single  well  is  considered,  the  range  of  the 
yearly  fluctuations  will  vary  with  the  first  factor,  and  that  in  general  the  same 
amount  of  infiltration  will  pnxluce  a  greater  fluctuation  where  the  pore  space  is  small 
than  where  it  is  large.  It  does  not,  however,  follow  that  in  a  given  region,  in  be<l8 
of  the  same  iM>r<)8ity,  the  sanie  annual  rainfall  under  the  same  climatic  conditions 
will  produce  the  same  results.  Observations  have  shown  that  whatever  the  rain^ll 
or  iM)ro8ity,  provided  the  latter  be  reasonably  constant  in  the  area  under  considera- 
tion, the  annual  fluctuations  aj)proach  zero  at  the  point  of  discharge  and  tend  to  reg- 
ularly increase  in  magnitude  from  that  point  to  the  ground-water  divide.  <"  Thus  at 
Wiener  Neustadt  (PI.  IX,  p.  62),  near  the  ground- water  discharge  into  Fisha  River, 
where  the  depth  to  the  ground-water  table  is  about  5  feet,  the  yearly  fluctuation  is  3 
to  4  feet,  while  at  St.  Agyden  station,  where  the  water  plane  is  about  150  feet  from 
the  surface,  the  fluctuation  is  25  to  30  feet,  and  the  fluctuations  in  the  intervening 
wells  are  proportional  to  their  position  between  these  two  points.  On  Long  Island 
the  annual  fluctuation  2  miles  from  the  shore,  at  Millbum  (figs.  13,  15),  is  22 inches, 
while  at  the  ground-water  divide,  8  to  9  miles  from  the  south  shore,  the  fluctuation 
is  al)out  10  feet.  A  few  observations  regarding  the  amount  of  the  yearly  fluctuation 
at  different  points  have  been  collecte<l  in  the  table  following.  Many  of  these  points 
of  observation  are  located  near  the  points  of  discharge,  and  the  values  as  a  whole 
are  to  be  regarded  as  low. 

In  records  for  but  a  few  years  it  is  evidently  impossible  to  separate  the  annual  from 
the  secular  fluctuations.  When,  however,  the  observations  covgr  a  considerable 
period,  it  is  possible  to  obtain  a  value  for  the  secular  fluctuation.  This  equals  the 
total  range  less  the  average  yearly  fluctuation.  A  few  such  values  are  given  in  the 
table  on  page  40. 

a  Auchiiidoss,  W.  S.,  Waters  within  the  Earth  and  Laws  of  Rainflow,  Philadelphia.  1897,  p.  9. 

^ Spear,  Walter  E..  Kept.  Conimis!<ion  on  Additional  Water  Supply  lor  the  City  of  New  York,  19W, 
appendix  7,  flg.  45,  p.  822. 

*•  The  cros8 section  Jrom  VVatlord  totheChiltern  Hil h  midway  between  Colne  and  Gade  rivers,  which 
aee<mipanie8  Clutierbuek's  discussion  of  the  *'  Perio<lij  Alternations  of  the  Chalk  Water  Level  under 
London  *'  ( Min.  Proc.  Inst.  Civil  Eng.,  vol.  9, 1850,  PI.  VI) .  i«  a  most  excellent  diagrammatic  illustration 
of  this  principle. 
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FLUGTTTAnOKS  DUE  TO  SIHOLE  8H0WES8. 

In  the  forejfoinj?  consideration  of  the  relation  of  the  rainfall  to  pecular  and  annual 
fluctuations,  the  most  imjMirtant  factor  was  clearly  the  amount  of  water  actually 
contribute*!  to  the  zone  of  complete  saturation,  or  the  ground  water."  In  the*«e  c»»es 
the  water  table  rises  or  falls  because  the  amount  of  water  rec-eive*!  is  greater  or  lesa 
than  the  outflow. 

In  the  consideration  of  single  showers,  however,  it  is  found  that  another  factor  is 
of  08  great  or  even  greater  importance.  Single  showers  may  affect  the  water  level  in 
a  well  in  two  ways:  (1)  By  transmission  of  pressure  without  any  actual  addition  to 
the  ground  water — indeed,  in  many  cases  the  elevation  of  the  water  in  the  well  is 
accompanied  by  an  actual  depression  of  the  ground- water  table;  (2)  by  an  actual 
contribution  to  the  ground  water  whereby  the  level  of  the  water  table  is  raised. 

FLUCTUATIONS   PRODUCED   BY   8no\\'ERS   BY   TRANSMITTED   PRESSURE   WITHOUT   ANY 
INCREASE   IN   THK  GROUND   WATER. 

King  observed  at  Madison,  Wis.,^  that  the  water  often  rose  in  wells  very  suddenly 
and  sharply  during  summer  rains,  when  an  investigation  of  the  soil  showed  that  it 
was  dry  beneath  the  surface  covering  wet  by  the  showers.  Similar  occurrences 
were  recorded  at  Lynbrook,  N.  Y.,  where  in  a  2-inch  well  14  feet  deep  every  rain— 
during  the  period  of  observation,  July  17  to  September  10 — was  recorded  and  its 
duration  and  complexity  indicated.  Many  of  these  fluctuations  pnxluce  no  perma- 
nent deflection  of  the  ground-water  curve  and  the  evidence  that  no  water  from 
several  of  these  rains  reached  the  ground  water  is  regarded  as  conclusive  (PI.  VI; 
also  note  particularly  the  behavior  of  the  shallow  well  Augast  19-21  and  the  fluctu- 
ations pro<luce<i  by  rains  of  July  20,  22,  30,  and  August  6;  the  two  successive  showers 
of  August  6-7  are  particularly  noteworthy). 

In  the  case  of  wells  which  are  not  separated  from  the  main  water  table  by  imper- 
vious layers  and  in  which  the  water  is  not  under  artesian  pressure,  this  is  due  largely 
to  the  hydrastatic  transmission  of  pressure  by  means  of  the  soil  air.  When  the  rain 
strikes  the  surface  it  closes  the  superficial  soil  i)ori*8  or  interstices  and  thuij  confined 
and  compresses  the  air  in  the  soil  between  the  surface  and  the  ground-water  table. 
The  weight  of  the  rain  is  thus  transmitttni  to  the  ground-water  table,  and  the  extra 
head  so  developetl  raises  the  water  in  wells  and  increases  the  discharge  at  the 
ground-water  outlets.  The  effect  on  the  stream  flow  is  very  analogous  to  the  increase 
produced  by  a  lowering  of  the  barometric  pressure.  It  is  thus  possible  for  a  rain  to 
produce  instantly  a  change  in  the  water  level  in  wells  and  an  increase  in  the  ground- 
water outflow  without  contributing  a  drop  to  the  ground  water.  This  has  an  impor- 
tant bearing  on  the  calculation  of  "flood  flows'*  from  ground- water-fed  streams,  for 
it  is  evi<lent  that  in  this  manner  a  decided  rise  in  the  stream  may  be  produced  by  a 
rain  from  which  there  is  no  direct  run-off  and  which  does  not  reach  the  ground-water 
table. 

Two  other  factors  may  l)e  involved  in  the  production  of  the  change  in  level  during 
rains:  (1 )  An  actual  elastic  compression  or  plastic  deformation  of  the  soil,  and  (2)  a 
change  in  the  capillary  conditions.  King  olwerved  in  a  shallow  well  near  a  railroad 
track  that  the  passage  of  a  freight  train  caused  a  quick  rise  and  fall  of  the  water  in  the 
well  (p.  75).  Apparently  the  weight  of  the  train  compressed  the  earth  and  by  decreas- 
ing the  pore  space  caused  the  water  to  rise.  The  weight  of  the  rain  might  have  a 
similar  effect.  Under  this  hypothesis  the  water  would  rise  on  the  addition  of  the 
rain  and  gradually  fall  on  its  removal  by  evajK)ration. 

« Ground  water  as  here  used  does  not  include  the  hygroscopic  and  capillary  water  above  the  water 
table,  or  zone  of  complete  saturation.  For  the  purpose  of  this  discussion,  water  is  not  considered 
"ground  water"  until  it  reachcH  the  water  table. 

6  Bull.  U.  9.  Weather  Bureau  No.  5,  1892,  pp.  20,  72-73. 
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Regarding  the  second  hypothesis  it  is  well  known  that  changes  in  the  surface  con- 
ditions greatly  affect  the  capillary  action  of  the  soil.  At  Purdue  University  it  was 
found  that  the  addition  of  a  thin  layer  of  soil  to  the  surface  of  a  lysimeter  caused  an 
immediate  discharge  of  water. «  This  was  attributed  to  a  change  in  the  capillary 
conditions,  and  it  has  been  suggested  that  the  wetting  of  the  ground  surface  would 
produce  a  similar  effect.  King,  however,  observed  *  that  a  moderate  wetting  of  the 
surface  tended  to  increase  the  upward  percolation,  and  the  effect  of  wetting  the  sur- 
face at  Lynbrook  would  therefore  be  to  diminish  rather  than  increase  the  rise  due  to 
rains  which  do  not  contribute  to  the  ground  water. 

At  the  Colorado  experiment  station  Headden  has  observed^  that  light  rains  during 
dry  periods  produce  a  comparatively  great  increase  in  the  height  of  the  water  plane, 
while  in  intervals  of  abundant  moisture,  when  the  soil  is  wet,  rains  of  this  character 
do  not  produce  such  an  increase;  moderate  rains  are  here  sometimes  accompanied 
by  temporary  depressions  of  the  water  plane.  These  observations  may  be  explained 
on  the  basis  that  the  soil  air  is  the  principal  factor  and  that  when  the  soil  is  very 
moist  there  is  so  little  soil  air  that  no  effect  is  possible  with  slight  showers.  The 
cause  of  the  temporary  depression  after  moderate  rains  is  not  evident  unless  the  con- 
ditions are  unfavorable  for  the  transmission  of  pressure  by  the  soil  air,  but  are  such 
that  the  increased  upward  capillary  action  resulting  from  the  moistening  of  the  sur- 
face is  sufficient  to  perceptibly  decrease  the  ground  water. 

Where  there  is  an  impervious  layer  between  the  water-bearing  strata  and  the 
local  ground-water  surface,  and  where  there  is  artesian  pressure,  the  added  weight 
due  to  the  rainfall  in  all  cases  acts  directly.  In  case  the  rain  is  uniform  over  a  con- 
siderable area  this  pressure  may  be  regarded  as  acting  on  an  elastic  Inxiy  and  the 
same  character  of  results  is  to  be  expected  in  both  deep  and  shallow  wells.  Thus  in 
the  Lynbrook  wells  on  July  22  and  August  25  all  wells  show  a  sharp  vertical  rise 
(PI.  VI).  On  July  22  the  rise  started  in  the  14-foot  well  at  10  p.  m.,  in  the  72.foot 
well  at  10.25,  and  in  the  504-foot  well  at  10.34;  on  August  25  a  somewhat  similar  lag 
is  noted,  the  14-foot  well  rising  at  4.10  p.  m.,  the  72-foot  well  at  4.20,  and  the  504- 
foot  .well  at  4.24.  The  caune  of  this  lag  is  not  fully  api>arent.  With  a  direct  trans- 
mission of  pressure  such  as  the  curve  indicates  no  lag  is  to  be  expected.  It  may  be 
that  in  this  case  the  soil  is  to  be  regarded  as  having  some  of  the  plastic  characters 
shown  in  other  cases. 

On  the  other  hand,  when  the  rainfall  is  unequally  distributed  in  time  and  amount 
a  plastic  deformation  may  result,  due  to  unequal  loading,  which  will  give  rise  to 
different  results  in  wells  of  different  depths.  In  the  shallow  well  the  zone  of  influ- 
ence is  relatively  limited  and  the  condition  in  this  area  may  be  regarded  as  fairly 
uniform.  The  result  is  therefore  immediate  and  abrupt,  as  in  the  first  case.  In  the 
deeper  wells,  however,  the  increasing  zones  of  influence  bring  in  more  factors,  which, 
arriving  progressively  from  different  sources,  tend  to  produce  a  more  and  more 
gradual  change.  Thus,  in  the  Lynbrook  wells  there  were  on  August  6-7,  11,  and  20 
abrupt  changes  in  the  14-foot  well  and  a  more  gradual  one  in  the  72-  and  504-foot 
wells. 

This  plastic  deformation  in  the  snrficial  beds,  produced  by  varying  load  and  the 
response  of  the  water  to  it,  throws  some  light  on  the  extreme  complexity  of  the 
fluctuation  recorded  in  the  wells,  for  it  suggests  that  variation  in  load,  from  whatever 
cause,  will  produce  corresponding  fluctuations.  The  water  level  in  deep  wells  where 
an  artesian  head  is  developed  may  thus  be  very  sensitive  to  local  conditions,  the 
effect  of  local  rainfall  and  of  the  yearly  fluctuations  of  the  local  ground- water  level 
being  felt  to  a  greater  or  less  degree  by  transmitted  pressure  in  the  deeper  zones. 

a  Second  Ann.  Kept.  Indiana  Expt.  Station,  1889-90.  pp.  32-38. 
6 Seventh  Ann.  Kept  Wisconsin  A^ric.  Expt.  Station,  1890,  p.  135. 

c  Headden,  William  P.,  A  soil  study,  pt.  4,  The  ground  water:  Bull.  Colorado  Agric.  Expt.  Station 
No.  72,  1902. 
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FLUCTUATION    OF    THE    O ROUND-WATER    LEVEL    RESULTING     FROM    SINGLE    SHOWERS,    BY 

ACTUAL   PERCOLATION. 

The  fluctuations  produced  by  direct  percolation  are  of  a  much  less  abrupt  char- 
acter than  those  just  described;  indeed,  it  is  usually  the  case  that  the  water  is  deliv- 
ered so  gradually  to  the  water  table  that  no  change  is  noticed.  Only  in  the  shallow 
wells  m  coarse  material  can  these  fluctuations  be  identified,  except  in  the  cases  of 
extimordinary  rains,  when  the  result  is  an  irregularity  of  greater  or  less  ImportHMe 
on  the  regular  annual  ground- water  curve. 

On  Long  Island  the  shallow  wells  near  the  south  shore  are  affected  by  most  oi  the 
unportant  rains,  although  part  of  the  fluctuations  recorded  are  of  the  character  jost 
described.  (See  figs.  13,  15.)  This  is  due  to  the  coarseness  of  the  surfidal  mate- 
rial and  to  the  nearness  of  the  water  table  to  the  surface.  In  the  wells  in  which  the 
ground  water  is  farther  from  the  surface  the  effect  of  any  rain  can  not  be  poeitiyely 
identified.  In  the  Wiener  Neustadt  records  the  effect  of  single  rains  is  entirely 
obliterated  (PI.  IX),  and  in  long  observations  of  the  chalk  waters  of  England  the 
general  rule,  to  which,  of  course,  there  are  exceptions  where  large  nndeiigronnd 
caverns  are  concerned,  is  that  the  water  is  delivered  very  gradually  to  the  ground- 
water table. 

FKaOMTAQl  or  RAIH7ALL  OOVTBIBVTID  TO  TBI  GBOinm  WATDL 
METHODS  OF  EGTIMATION. 

In  connection  with  this  discussion  of  the  fluctuation  of  the  water  level  it  may  not 
be  inappropriate  to  take  up  the  allied  question,  to  which  reference  has  been  maide  at 
several  points,  of  the  percentage  of  rain  contributed  to  the  ground  water. 

Estimates  of  this  character  have  been  made  by  three  methods — (1)  by  means  of 
the  lysimeter,  (2)  by  stream  discharge,  and  (3)  by  changes  in  the  level  of  the 
ground  water. 

ESTIMATION  OP  PERCOLATION  BT  MEANS  OP  LTSIMETEB8. 

By  the  lysimeter  method  the  rain  water  passing  through  a  column  of  soil  in  field 
conditions  is  measured  directly.  The  gage  used  for  this  purpose  consists  of  a 
vessel  with  impervious  sides  and  a  pervious  bottom,  filled  with  the  soil  to  be  tested, 
and  buried  so  that  the  surface  of  the  soil  in  the  gage  is  at  the  same  level  as  the  sur- 
rounding ground.  The  discharge  through  the  pervious  bottom  of  the  vessel  is  col- 
lected by  a  cone  and  conducted  by  a  small  tube  to  the  measuring  gages.  In  the  early 
forms  of  the  apparatus  used  by  Dalton,  1796,  and  Dickinson,  1835,  surface  outlets 
were  provided  to  discharge  the  excess  rain&dl,  but  these  were  abandoned  when  it 
was  found  that  on  the  level  surtiice  of  the  gage  there  was  no  surtiu^  run-off. 

Many  observations  have  been  made  along  this  line,  and  while  the  results  for  long 
periods  clearly  have  a  greater  value  than  those  for  short  periods,  some  of  these  short- 
period  values  have  been  included  in  the  table  on  the  following  page  for  the  purposes 
of  comparison. 

Lysimeter  results  have  been  subjected  to  considerable  criticism,  and  very  differing 
views  expressed  regarding  their  value.  It  has  been  suggested  (1)  that  the  material 
in  the  gage  is  not  in  the  natural  condition  of  consolidation,  and  that,  therefore,  the 
results  are  too  high;  (2)  that  the  underdrainage  necessary  to  collect  and  carry  the 
water  from  the  base  of  the  soil  column  to  the  measuring  tube  introduces  an  unnatural 
condition  whereby  the  results  are  too  low;  (3)  that  the  surface  run-off  factor  is 
surpressed  and  the  results  are  too  high. 
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The  objection  regarding  consolidation  is  well  taken,  thongh  it  clearly  does  not 
apply  to  the  resulto  at  Rothamsted,  where  natural  soil  colomns  were  used,  and  where 
very  high  results  were  obtained,  or  to  other  gages  after  the  first  few  years,  during 
which  the  soil  has  settled.  In  the  Hemel  Hempstead  experiments  the  percolation 
between  1836  and  1843  was  42.5  per  cent  of  the  rainfall,  while  in  the  period  1835  to 
1853  it  was  but  35  per  cent,  a  decrease  which  is  perhaps  due  in  part  to  the  gradual 
compacting  of  the  soil,  though  it  is  also  affected  by  the  varying  rate  of  percolation, 
for  it  must  be  remembered  that  the  amount  of  percolation  depends  more  on  the  time 
at  which  the  rain  falls  and  the  manner  in  which  it  is  distributed  than  on  the  actual 
amount. 

Regarding  the  unnatural  condition  introduced  by  the  method  of  drainage,  it  has 
been  suggested  on  the  one  hand  that  the  lower  part  of  the  soil  column  is  thus  exposed 
to  evaporation,  and  that  not  only  is  there  a  loss  in  this  manner  not  accounted  for  by 
the  measuring  gage,  but  that  the  dry  condition  of  the  basal  layer  would  retard  the 
percolation  to  a  measureable  extent  and  increase  the  loss  by  evaporation  from  the 
surface  of  the  ground.  Ebermeyer  has  shown,  however,  that  with  small  lysimetere 
the  lower  portion  of  the  soil  column  is  damper  than  normal, <<  and  he  proposed  to 
remedy  this  by  constructing  larger  gages.  These  defects  are  clearly  onea  of  con- 
struction which  it  is  possible  to  remedy.  At  Rothamsted  essentially  the  same  results 
were  obtained  from  soil  columns  20,  40,  and  60  inches  high  (fig.  12),  showing  con- 
clusively that  in  this  case  the  natural  conditions  were  not  essentially  disturbed. 

Indeed,  it  is  believed  that  carefully  conducted  lysimeter  observations,  extending 
over  long  periods,  such  as  are  represented  by  the  Dickinson  and  £vans  and  the 
Lawes  and  Gilbert  experiments,  give  very  important  values  bearing  on  this  question, 
the  Lawes  and  Gilbert  results  being  particularly  important  and  trustworthy.  They 
indicate  that  in  the  climatic  condition  of  middle  England,  with  28  inches  of  rainfall, 
half  of  the  rainfall  is  contributed  to  the  ground  water  through  a  rather  heavy  soil 
not  covered  with  vegetation,  and  half  of  it  evaporated.  If  the  rainfall  is  greater,  the 
percentage  increases,  if  less,  it  decreases.  Had  the  ground  been  covered  with  leaves, 
straw,  or  similar  matter  the  percolation  would  have  been  greater;  if  covered  with 
growing  vegetation,  lei^s.  Lawes  and  Gilbert  estimate,  from  their  observations  on 
plant  transpiration,  that  in  this  region  2  inches  per  year  would  represent  the  plant 
tranHpiration  in  the  area  of  downs  and  waste  land,  where  there  was  very  little  vege- 
tation, while  with  a  heavy  grass  or  mangel  crop  it  would  amount  to  7  inches  or  more. 
The  average  for  the  whole  region  was  estimated  at  3  to  4  inches.  This  would  make 
the  percolation  for  soil  of  this  character,  in  the  case  of  downs  and  waste  land,  43  per 
cent;  for  the  average  mid-England  district,  39  per  cent,  and  for  land  covered  with 
heavy  grass  or  mangel  crop,  25  per  cent  or  leA. 

It  should  be  noted  in  this  connection  that  while  the  most  of  these  observations, 
including  those  at  Rothamsted,  were  made  in  connection  with  agricultural  investi- 
gations, the  Hemel  Hempstead  and  Lee  Bridge  (Greaves)  experiments  were  made 
for  engineering  purposes.     The  Hemel  Hempstead  observations  were  undertaken  by 
a  paper  manufacturer,  dependent  on  the  water  power  of  a  spring-fed  stream.    He 
argued  that  stream  flow  depended  on  the  amount  of  water  which  percolated  through 
the  soil;  that  measurements  of  this  quantity  would  indicate  the  stream  flow  to  be 
expected  during  the  following  summer,     it  is  stated  that  he  found  that  the  indica- 
tions of  the  gage  during  the  winter  enabled  him  to  calculate  the  supply  of  water  Irom 
the  stream  during  the  ensuing  season,  that  he  had  always  found  the  indication  per- 
fectly reliable,*  and  that  he  was  accustomed  to  regulate  the  volume  of  the  ordere 
accepted  for  the  summer  season  by  the  indication  of  the  gage  for  the  preceding 
winter,  c    Clutterbuck  adds,  though  the  relation  is  clearly  more  of  a  qualitative  thin 

a  Reported  by  R.  H.  Scott,  Jour.  Royal  Agnc.  Soc  .  2d  ser..  vol.  17, 1881.  pp.  66-€7. 
bMin.  Proc.  Inst.  Civil  Enir ,  vol.  2, 1842.  p.  158. 
f  Jbid..  p.  157.  -  P' 
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a  quantitative  one,  that  the  rise  in  level  of  the  water  in  the  wells  in  that  region  is 
found  to  coincide  with  the  readings  of  the  Dickinson  gages. » 

The  lysimeter  certainly  furnishes  a  very  direct  and  exact  means  of  detennining  the 
amount  of  water  contributed  to  the  ground  water  at  any  given  point.  The  principal 
objection  to  it  is  that  the  block  of  soil  tested  is  not  necessarily  representative  of  the 
whole  area  under  investigation.  '* 

Somewhat  similar  experiments,  having  for  their  object  the  determination  of  the 
evaporation  from  plants,  have  been  conducted  by  many  agriculturists  in  this  country, 
notably  by  King,  ^  by  means  of  tanks  which  can  be  lifted  from  the  ground  and 
weighed.  This  method  is  not  so  applicable  to  the  amount  oi  water  contributed  to 
the  ground  water  as  is  the  lysimeter  type  used  above,  for  the  results  are  less  direct, 
the  percolation  being  inferred  from  the  evaporation  generally  under  more  artificial 
conditions  than  with  the  lysimeter. 

ESTIMATION  OF  PERCOLATION  PROM  THE  STREAM  DISCHARGE. 

The  favorite  method  of  estimating  the  evaporation  of  a  given  drainage  basin  is  to 
subtract  the  stream  discharge  expressed  in  inches  of  rainfall  over  the  drainage  basin 
from  the  average  rainfall.    Thus  it  is  assumed  that— 

Rainfall — Stream  discharge  ^  Evaporation. 

The  stream  discharge  is  composed  of  ( I)  the  rain  water  which  flows  into  the  drain- 
age channels  without  penetrating  the  soil— this  is,  strictly  speaking,  the  run-off,  but 
as  this  word  is  now  by  common  consent  used  for  the  whole  quantity  of  water  dis- 
chaiiged  by  the  river,  this  contribution  may  be  somewhat  arbitrarily  referred  to  as 
the  flood  flow;  and  (2)  the  water  which  after  a  greater  or  less  journey  through  the  earth 
returns  to  the  surface — this  may  be  called  the  spring  or  ground-water  flow  of  the  river. 
It  has  been  assumed  that  the  ground-water  flow  of  a  river  is  its  low-water  flow  and 
that  any  excess  of  this  quantity  can  be  regarded  as  flood  flow.  This  is  far  from  t>eing 
a  general  fact.  As  the  height  of  the  ground-water  table  increases  the  stream  dis- 
charge also  increases,  and  it  is  possible  to  have  high  and  low  waters  dependent 
entirely  on  the  fluctuation  of  the  ground-water  discharge.  In  streams  which  cut  the 
ground-water  table  and  are  ciearly  ground-water-ted  streams,  such  as  those  on  Long 
Island,  a  rise  in  the  ground- water  table  changes  the  position  of  the  head  of  the  stream, 
and  by  thus  increasing  both  the  head  and  the  area  of  discharge  greatly  increases  the 
stream  flow.  The  total  range  of  the  ground-water  table  near  the  coast  is  much  less 
than  near  the  ground-water  divide,  and  the  discharge  during  periods  of  high  ground- 
water level  may  therefore  be  disproportionate  to  the  changes  in  level  recorded  by  the 
wells  near  the  coast.  Because  of  these  great  changes  m  the  area  of  the  discharge  and 
the  relatively  free  flow  of  the  surface  water,  it  olten  happens  that  the  fluctuations  of 
the  stream  height  in  the  lower  part  of  the  stream  are  greater  than  the  changes  in  the 
level  in  wells  in  the  same  region. 

Heavy  rains,  with  no  surface  run-off,  may  likewise  produce  sudden  and  consider- 
able rises  by  increasing  the  spring  flow  by  transmitted  pressure  m  the  manner 
described  above  (p.  42).  in  the  14-foot  well  at  Lynbrook  (p.  23),  tjesides  the  sud- 
den rises  recorded  for  every  rain,  the  water  four  times  during  the  period  of  observa- 
tion rose  above  the  surface.  In  the  first  instance  the  water,  much  to  the  amazement 
of  ttie  observer,  gushed  over  the  top  of  the  pipe  a  few  minutes  after  the  shower  began, 
and,  while  after  the  pipe  was  raised  this  did  not  occur  again,  the  records  show  that 
on  several  occasions  the  water  rose  higher  than  the  ground  surface.  There  appear, 
then,  to  be  great  and  almost  insurmountable  difliculties  in  the  way  of  the  satisfactory 
separation  of  the  stream  discharge  into  spring  or  ground-water  flow  and  flood  flow. 

a  Min.  Proc.  Inst.  Civil  Eng..  vol.  9,  pp.  163,  156. 

ft  Ann.  Repts.  Wisconsin  Agric.  Expt.  Station.  1892,  pp.  94-100.  1893,  pp.  162-159,  1894,  pp.  240-280; 
1897,  pp.  228-231. 
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It  is  the  belief  of  the  writer  that  in  the  eastern  United  States  the  portion  of  the  total 
stream  flow  attributed  to  ground-water  contributions  is  commonly  greatly  under- 
estimated. 

On  Long  Island  Spear,  from  a  comparison  of  the  hydrographs  of  several  of  the 
streams  near  the  south  shore  with  the  fluctuation  in  neighboring  wells,  has  con- 
cluded that  of  the  total  stream  discharge  but  57  per  cent  is  spring  or  ground- water 
flow.»  This  is  an  extremely  low  value,  and  from  a  consideration  of  the  various  ftustors 
involved  it  is  believed  that  90  per  cent  is  much  nearer  the  true  value.  On  this  basis 
the  flood  flow  is  but  3  or  4  per  cent  of  the  yearly  rainfall. 

In  the  simple  equation,  Rainfall— Stream  flow = Evaporation,  no  account  is  taken  of 
the  underflow,  it  being  assumed  that  all  the  ground  water  is  returned  to  the  stream 
above  the  point  at  which  the  measurement  is  made,  an  a^umption  which  is  far  from 
correct  The  result  of  this  is  to  give  to  the  evaporation  a  value  just  as  much  in  excess 
of  its  true  value  as  there  is  loss  by  underflow.  Thus  on  Long  Island,  where  the  perco- 
lation is  perhaps  60  per  cent  of  the  rainfall,  the  estimate  of  Spear  *  gives  the  total  nor- 
mal stream  discharge  as  33  per  cent  of  the  rainfall,  and  the  estimates  of  the  Brooklyn 
water  department  are  still  lower.  This,  according  to  the  above  formula,  would  give 
a  loss  by  evaiK)ration  of  67  per  cent,  when  it  is  actually  about  40  per  cent.  It  may 
be  assumed,  however,  except  in  regions  deeply  covered  with  loose  superficial  mate- 
rial, such  as  Ivong  Island,  that  the  loss  by  underflow  is  less  than  the  excess  by  flood 
flow,  and  that  the  total  stream  flow  represents  a  quantity  slightly  larger  than  the 
pen^olation.  With  thi^  in  mind,  some  idea  of  the  amount  of  percolation  can  be 
obtained  from  the  following  values: 

Rainfall  and  run-off  of  drainage  basins  in  the  United  States, 


Drainage  basin. 


Watershed  of  southern  Long  Island 

Muflkingum  River,  Ohio 

Genesee  River,  N.  Y 

Lake  Ck)chituate,  Mass 

Mystic  Lake,  Mass 

Croton  River,  N.  Y 

Neshaminy  Creek,  Pa 

Sudbury  River,  Ma«8 

Sudbury  River,  Mass 


Years  of 
record. 


Perkiomen  Creek,  Pa 

Connecticut  River,  Conn 

Hudson  River,  N.  Y 

Nashua  River,  South  Branch,  Mass. 

I*equannock  River,  Conn 


1888^1896 
1890-1898 
1863-1900 
1878-1896 
1868-1899 
1884-1899 
1875-1900 
1875-1902 

1S84-1899 
1872-1885 
1888-1901 
1897-1902 

1891-1899 


Inches  qf  \  Inches  qf 
depth.        depth. 

42.56 


39.7 

40.3 

47.1 

44.1 

48.07 

47.6 

46.1 

46.38 

48.0 
43.0 
44.2 
51.82 

44.2 


14.0 

13.1 

14.2 

20.3 

20.0 

22.83 

23.1 

22.6 

22.75 

23.6 
22.0 
23.3 
27.56 

26.8 


Percent- 
age: 
Stream 
flow  of 
minfall. 


83.0 
88.0 
35.0 
43.0 
45.3 
46.5 
48.5 
49.0 
49.0 

49.0 
51.0 
52.7 
58.7 

60.6 


Authority. 


Spear. 
Rafter. 

Do. 

Do. 

Do. 
Freeman. 
Rafter. 

Do. 

Metropolitan    water- 
works. 

Rafter. 

Do. 

Do. 

Metropolitan    water- 
works. 

Rafter. 


In  this  table  the  large  loss  by  underflow  in  the  Muskingum  and  Genesee  drainage 
basins  is  evident. 

ESTIMATION  OF  PKKCOLATION  FROM  CHANGES  IN   LKVEL  OF  THE  GROUND-WATKR  TABLE. 

The  broader  and  more  important  fluctuations  of  the  ground- water  table  are  clearly 
due  to  the  infiltration  of  water,  and  attempts  have  been  made  repeatedly  to  estimate 


a  Rept.  New  York  City  Commission  on  Additional  Water  Supply.  1904.  p.  829. 
61bid.,  p.  795. 
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the  amount  of  infiltration  by  the  rise  in  the  ground  water.  After  having  determined 
the  available  pore  space,  which  is  by  no  means  a  simple  matter,  it  appears  very  easy 
to  calculate  the  amount  of  water  which  will  cause  the  water  level  to  rise  a  few  inches 
or  a  few  feet.  The  method  is  an  attractive  one,  with  an  appearance  of  exactness  and 
simplicity,  and  has  often  been  tried.  Theresulta  have  very  little  meaning,  however, 
for  the  very  important  reason  that  the  same  rainfall  under  the  same  climatic  condi- 
tions will  produce  very  different  rises  in  material  of  the  same  porosity;  for,  as  pointed 
out  previously  (p.  38),  the  amplitude  of  the  fluctuation  increases  with  the  distance 
from  the  groimd- water  discharge.  Thus,  with  material  of  the  same  porosity,  an 
annual  rainfall  of  25  inches  produces  at  Wiener  Neustadt  a  fluctuation  in  one  well  of 
1  foot,  and  in  another  a  fluctuation  of  25  feet  (PI.  IX).  It  is  evident  that  a  calcu- 
lation of  infiltration  liased  on  the  rise  of  water  produced  in  well  No.  1,  will  give  very 
different  values  from  that  of  No.  2,  and  yet  it  may  l)e  confidently  asserted  that  the 
same  amount  of  percolation  is  received  in  both.  Similarly,  in  the  chalk  region  of 
England,  the  fluctuation  in  the  same  region  ranges  from  a  few  inches  to  50  or  100 
feet.  The  impossibility  of  accurately  calculating  the  amount  of  percolation  from  the 
rise  of  the  ground-water  table  is  evident. 

REFEKEH0E8  BELATIVa  TO  WELL  FLXrOTTTATIOKS  DXTB  TO  RADfFALL  AKD  EYAPOKATIOK. 

The  bibliography  relating  to  fluctuations  of  water  in  wells  due  to  rainfall  is  natu- 
rally very  extensive,  and  an  attempt  has  Ix^en  made  to  collect  a  few  only  of  these 
titles,  important  either  for  their  general  bearing  or  their  special  reference  to  the 
United  States: 

ArcHiNCLOss,  W.  8.    Waters  within  the  Earth  and  Laws  of  Rainflow,  Philadelphia,  1897. 

GIvefl  record  of  fluctuations  in  well  at  Bryn  Mawr,  Pa.,  1885-1895,  showing  annual  and  secular 
fluctuations. 
Barbour,  Erwin  Hinckley.    Water-Sup.  and  Irr.  Paper  No.  29,  U.  S.  Qeol.  Survey.  1899,  p.  28; 
Nebraska  Geol.  Survey,  Kept,  of  State  Geologist,  vol.1, 1903,  p.  106. 

States  that  wells  in  Nebraska  show  an  annual  fluctuation  Independent  of  the  rainfall,  with  the 
maximum  occurring  in  February. 
Cu'TTBRBrcK,  James.    Observations  on   the  periodic  drainage  and   replenishment    of  the  sub- 
terraneous reservoir  in  the  chalk  basin  of  London:  Min.  Proc.  Inst.  Civil  Eng.  [vol.  2J,  1842, 
pp.  155-165;  1843,  pp.  156-159. 

On  the  periodic  alternations  and  progressive  permanent  depression  of  the  chalk-water  level 

under  London:  Min.  Proc.  Inst.  Civil  Eng.,  vol.  9,  18,50,  pp.  151-180,  PI.  VI. 
Emery,  Frank  E.    Notes  on  fluctuations  In  height  of  water  in  an  unused  well:  Eighth  Ann.  Rept. 
New  York  Agric.  Expt.  Station  for  1889,  1890,  pp.  374-375,  fig. 

Records  monthly  observations  from  December,  1886,  to  December,  1889,  on  a  40-foot  well  at 
Geneva,  N.  Y.,  which  shows  a  single  yearly  period  independent  of  the  rainfall. 
Fortibr,  Samuel.    A  preliminar>-  report  on  seepage  water  and  the  underflow  of  rivers:  Bull.  Utah 
Expt.  SUtion  No  38,  1895. 

On  p.  80,  under  heading  "  Effect  of  subsurface  temperature  on  rate  of  flow,"  are  given  dis- 
charge, temperature,  and  rainfall  at  Denver  Water  Company's  plant  at  Cherry  Creek,  from  1888  to 
1891.    This  is  an  infiltration  gallery  in  fine  sand  15  feet  below  the  surface,  and  the  discharge 
shows  a  rather  regular  yearly  fluctuation  with  a  minimum  in  February-March  and  a  maximum, 
normally,  in  August-November.    This  fluctuation  is  ascribed  by  Fortier  to  changes  in  soil  tem- 
perature.   It  should  be  pointed  out,  however,  that,  while  the  annual  changes  in  soil  temperature 
do  affect  the  rate  of  flow  (see  p.  59),  the  yearly  maximum  is  independent  of  this  fluctuation  and 
the  agreement  here  is  merely  a  coincidence. 
Fheund,  Adolph  (secretary).    Bericht  des  Ausschusses  fiir  die  WnvKi-rversorgung  Wiens,  Osterrelch- 
ischen  Ingenieur-  und  Archltekten-Vereln,  1895. 
PI.  V,  Graphische  Darstellung  der  WassersUinde  im  Stelnfelde,  1.h8;<-188S. 
Grrhardt,  p.  I.    Handbuch  der  Ingenleurwi8sen.schaften,  vo!.  3,  Der  Wji.Msi'rbau,  pt.  1, 1892,  pp.  4«)-51. 
Under  heading  "Schwankungen  di's  Orundwas  ers,"  gives  a  summary  based  largely  on  the 
reports  of  Soyka. 
Hbaddbn,  Wilhelm  p.    a  soil  study,  pt.  4,  The  ground  water:  Bull.  Colorado  Agrlc.  Expt.  Station 
No.  72,  1902. 
Gives  data  regarding  effect  of  single  sliowers. 
KiNU,  Franklin  U.    Fluctuations  in  level  and  rate  of  movement  of  ground  water:   Bull.  U.  S. 
Weather  Bureau  No.  5,  1892,  pp.  72-74, 
Discusses  instantane«ms  percolation  after  rains. 


Digitized  by  VjOOQIC 


52  FLUCTUATIONS    OF   THE    WATER   LEVEL   IN    WELLS. 

KiNQ,  Franklin  II.    PrinciplcH  and  condltioiiR  of  the  movement  of  ground  water:  Nineteenth 

Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  2,  1899,  pp.  100-106. 
Discusses  "Elevation  of  ground- water  surface  due  to  precipitation  and  percolation,"  largely 

from  Btandpoint  of  porosity. 
LiZNAR,  Josef.    Ueber  die  periodisohe  Anderung  des  Grundwasserstandes,  ein  Beitrag  zur  Qnellen- 

theorie:  Gaea,  vol.  17,  1881,  p.  330;  Meteorol.  Zeitschr.,  Wien,  vol.  17,  1882,  pp.  868-371. 
LUEQKR,  Otto.    Die  Schwankungen  des  Grundwa^serR:  Ga»a,  vol.  24, 1888,  p.  630. 
Michigan  State  Board  of  Ukalth.    Annual  reports,  1878-1903. 

Contain  monthly  observations  of  water  level  at  many  points  in  Michigan. 
SoYKA,  IsiDOR.    Experimentelles  zur  Theorie  des  Grundwaasersehwankungeu:  VierteljahrsBcbrift 

fiir  oil.  Gesundheitspflege,  vol.  4,  1885,  p.  692. 

Der  Boden  (Uandbuch  des  Hygiene  und  der  Gewerbekrankheiten,  vol.  2,  pt.  3),  Leipzig, 

1887,  pp.  251-361. 

Contains  much  of  the  material  incorporated  in  the  following  report. 

Die  Schwankungen  des  Grundwassers  mit  besonderer  BenickMichtigung  der  mitteleuropa- 

ischen  Verbiiltnisse:  Penck's  Geographische  Abhandlungen,  vol.  2,  pt.  3,  Wien,  1888. 

Spear,  Walter  £.    Long  Island  sources:  Rept.  New  York  City  Commission  on  Additional  Water 
Supply,  appendix  7,  1904,  pp.  810-826. 
Discusses  fluctuation  in  elevation  of  ground-water  surface. 
Todd,  James  E.    Water-Sup.  and  Irr.  Paper  No.  34,  U.  S.  Geol.  Survey,  1900,  p.  29. 

The  normal  yearly  maximum  is  here  tentatively  referred  to  the  melting  of  snows  or  floods. 
Tribus,  L.  L.    Trans.  Am.  Soc.  Civil  Eng.,  vol.  31,  18iM,  pp.  170,  891-396. 

Reports  (p.  170)  that  in  driven  wells  in  New  Jersey,  50  feet  deep,  the  effect  of  rain  was  rarely 
felt  i^  less  than  thirty  hours;  gives  curve  (pp.  391-395)  showing  fluctuation  of  water  level  in  50-foot 
well  at  Plainfleld,  N.  J.,  waterworks,  1891-1894.  This  shows  normal  annual  curves  slightly  affected 
by  pumping. 
WoLDRicH,  JoHANN  Nepomi'k.  Ucbcr  dcu  ICinfluss  der  atmosph&rischen  Niedcrschliige  auf  das 
Grundwasser:  Zeitschr.  Meteorol.,  Wien,  v<il.  4,  1869,  pp.  273-279. 

Ueber  die  Beziehuiigcn  der  atmusphurisclien  Niederscblage  zum  Fluse-  und  Grundwaaser 

stand:  Mitt.  d.  Techn.  Klubs  zu  Salzburg,  pt.  1,  1869. 

FLUCTUATIONS  1>UE  TO  B^VROMETRIC  CHANGES. 
GHARACTER  AIH)  CAUSE. 

Changes  in  air  pressure  have  been  observed  to  affect  wells  in  two  ways;  in  some 
there  is  an  inflow  and  outflow  of  air,  and  in  others  a  rising  and  lowering  of  the  water 
level. «  The  rise  or  outflow  oc(;urs  with  a  falling  barometer,  and  the  depression  or 
inflow  with  a  rising  barometer.  In  the  case  of  flowing  wells,  when  the  external  air 
pressure  decreases,  the  air  within  the  earth  expands,  and,  as  the  escape  through  the 
soil  is  greatly  retarded  by  friction  and  as  the  well  offers  a  free  escape,  it  finds  relief 
through  the  well  tubing.  The  power  of  this  blast  evidently  depends  on  the  area 
tributary  to  the  well,  the  loss  by  friction,  and  the  rate  of  lowering  of  the  outeide 
pressure.  On  the  other  hand,  with  a  rising  barometer  the  external  air  flows  into  the 
pii)e  to  supply  the  volume  lost  by  the  compression  of  the  soil  air  or  earth  air.  If 
water  is  interjwstHl  between  this  included  air  and  the  well,  the  well  becomes  a  rough 
differential-i)re^«ure  gage  in  which  the  maximum  change  possible  is  about  12  inches 
of  water  for  each  mercurial  inch  of  variation  in  the  barometric  pressure. 

Where  there  is  no  soil  air  suitably  confined  to  produce  the  result  just  described, 
the  air  and  other  gases  in  the  water  so  increase  its  compressibility  that  a  small, 
though  measurable  result  may  be  produced  by  the  direct  compression  and  expansion 
of  the  water.  In  the  latter  case  the  dei>th  of  water  involved  is  an  important  factor, 
and  it  is  jjrubably  for  this  reason  that  on  Lt^ng  Island,  where  the  earth  air  occurs 
only  in  the  porous  surficial  soil,  from  which  it  is  relatively  free  to  escape,  in  the 
wells  at  Lynbrook  fluctuations  due  to  barometric  changes  are  clearly  noticeable  only 
in  the  504- foot  well,  and  these  are  relatively  small.  An  examination  of  PI.  VI  shows 
that  there  are  no  indications  of  barometric  influence  on  the  curves  from  the  72-foot 
well,  but  that  in  the  504-foot  well  there  is  a  striking  resemblance.  The  similarity  is, 
however,  in  some  places  due  in  part  to  other  causes.  Thus  the  elevations  of  the  water 
on  July  18-19,  August  5,  and  September  16,  while  closely  following  the  baromebic 

a  See  in  this  connection  Nineteenth*  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  2, 1899,  figs.  3,  4,  5;  Water- 
Sup.  and  Irr.  Paper  No.  67,  U.  S.  (ieol.  Survey,  1902,  fig.  39,  p.  73. 
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curve,  are  partly  due  to  rainfall.  This  is  indicated  by  the  fact  that  somewhat  similar 
abrupt  barometric  depressions  on  July  26,  August  20,  and  Septeml)er  4-5,  when  there 
were  no  important  rainaS,  did  not  pnxluce  similar  elevations  of  the  water  in  the  well. 
There  is  a  further  point  of  resemblance  and  dissimilarity  between  the  curve  for  the 
504-foot  well  and  the  barometric  curve.  The  well  curve  shows  a  very  marked  semi- 
diurnal fluctuation,  the  two  parts  of  which  are  generally  of  about  the  same  value, 
although  they  sometimes  merge  into  a  pronounced  diurnal  wave,  as  on  August  1,  2, 
and  3.  In  the  barometric  curve,  although  there  is  a  tendency  toward  a  semidiurnal 
well  wave,  it  is  nowhere  well  marked.  The  semidiurnal  well  wave  is  clearly  not  tidal. 
Its  resemblance  to  the  barometer  curve  is,  however,  sufficiently  close  to  lead  to  the 
belief  that  it  is  largely  barometric,  but  modified  by  some  other  element,  perhaps  the 
diurnal  temperature  wave  which  shows  in  the  14-  and  72-foot  wells  (pp.  24-25). 

REFERENCSS  KELATIKG  TO  WELL  FLUOTTJATIOirS  DUE  TO  BABOKETEIO  0HAHOE8. 

BLOWING    WELLS. 

Barbour,  Erwin  Hinckley.     [Blowing  wells  \j^  Nebraska] :    Water-Sup.  and  Irr.  Paper  No.  29,  U.  S. 

Geol.  Survey,  1889,  pp.  78-82;  Nebraska  Geol.  Survey,  Kept,  of  State  Geologist,  vol.  1, 1903,  pp.  93-97. 
Farrlky,  T.    On  the  blowing  wells  near  North  AUerton:  Proc.  Yorkshire  Oeol.and  Polyt.  Soc.,  n.  s., 

vol.  7,  pt.  3,  1880,  pp.  409-^21,  PI.  VII. 
Harris,  Gilbert  Dbnnison.    [Blowing  wells  in  Rapides  Parish,  La.]:    Water-Sup.  and  Irr.  Paper 

No.  101,  U.  8.  Geol.  Survey,  1904,  pp.  (KMil;  Ix)ui8iana  Geol.  Survey.  Bull.  No.  1,  1905,  pp.  59-60. 
Lane,  Alfred  C.    Water-Sup.  and  Irr.  Paper  No.  30,  U.  S.  Geol.  Survey,  1899,  pp.  55-56. 

Records  shallow  blowing  well  in  Michigan. 
Veatch,  a.  C.    Prof.  Paper  U.  8.  Geol.  Survey  No.  44,  1906,  p.  74. 

Records  reported  occurrence  of  blowing  wells  on  Long  Island,  New  York. 

CHANGES   IN    WATER   LEVEL. 

Atwell,  Joseph.  Conjectures  on  the  nature  of  intermitting  and  reciprocating  springs:  Trans.  Phil. 
Soc.  London,  No.  424,  vol.  37, 1732,  p.  301;  Trans.  Phil.  Soc.  London  from  1665-1800  (abridged),  vol. 
7,  1809,  pp.  M4-550. 

Describes  irregular  fluctuations  of  short  interval  in  .springs  at  Brixam,  near  Torbay,  in  Devon- 
shire called  "Lay  well."  These,  he  supposes,  are  produced  by  the  action  of  natural  siphons. 
Perhaps  they  are  barometric  fluctuations. 

Denizet.  Sources  sujetU^es  tl  des  variations  qui  paratssent  lilies  k  r<5tat  du  barom6tre:  Comptcs 
rendus,  vol.  7, 1839,  p.  799. 

Reports  that  springs  at  Voize  are  affected  by  changes  in  barometric  presjsure,  and  that  the  dis- 
charge is  directly  related  to  the  pressure,  instead  of  inversely,  as  has  been  proved  by  more  recent 
work. 

GouGH,  John.  Observations  on  the  ebbing  and  flowing  well  at  Giggleswick,  in  the  West  Ridlng'of 
Yorkshire,  with  a  theory  of  reciprocating  fountains:  Jour.  Nat.  Phil.  Chem.  Arts,  ser.  2,  vol.  35, 
1813,  pp.  178-193;  Mem,  Phil.  Soc.  Manchester,  n.  s.,  vol.  2,  1813,  pp.  364-363. 

The  water  level  in  this  well  fluctuates  irregularly  at  short  Intervals,  and  Mr.  Gough  suggests 
that  the  fluctuations  are  produced  by  the  obstruction  resulting  from  the  natural  accumulation 
of  air  bubbles  in  the  outlet  and  the  relief  resulting  from  their  irregular  es<'ape.  He  cities  the  irreg- 
gular  fluctuations  of  the  Weeding  well  in  Derbyshire  and  the  I^y  well  near  Torbay,  as  proving 
that  the  prevailing  idea  of  the  production  of  these  phenomena  by  natural  siphons  is  erroneous. 
He  concludes,  very  correctly,  that  too  little  is  known  of  the  fountain  of  Jupiter  in  Dodona  and 
Pliny's  well  in  Como  to  judge  of  the  true  cause  of  the  fluctuations  menticmed  by  Pliny. 

King.  Frank  LIN  H.  [Influence  of  barometric  changes  on  di.scharge  and  water  level  in  wells  and 
springs  at  Madison  and  Whitewater,  Wis.J:  Bull.  IT.  S.  Weather  Bureau  No.  5,  1892,  pp.  44-63; 
Nineteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  2,  1899,  pp.  73-77. 

Latham,  Baldwin.  On  the  Influence  of  barometric  pressure  on  the  discharge  of  water  from  springs: 
Brit.  Ahsoc.  Rept.  for  1881,  1882,  p.  614;  Brit.  Assoc.  Rept.  for  1883,  18H4,  pp.  495^96. 

The  fluctuation  of  the  Croydon  Bourne,  due  to  barometric  pressure,  on  one  occasion  exceeded 
half  a  million  gallons  per  day.  Observations  in  deep  wells  are  also  recorded,  showing  that  fluctn- 
atlons  are  inversely  related  to  the  pressure.  The  fluctuations  are  attributed  to  the  expan.sion  and 
contraction  of  the  air  and  gases  in  the  water. 

Knightley,  T.  E.  Ebbing  and  flowing  wells  [in  Derbyshire,  England]:  Geol.  Mag.,  n.  s.,  decade  4, 
vol.  5,  1898.  pp.  333-334. 

Suggests  that  irregularities  in  flow  are  due  to  cavernous  limestone,  which,  by  means  of 
natural  .siphons,  gives  rise  to  "  intermittent  spring  phenomena."  The  possibility  of  these  fluctu- 
atioDfl  being  due  to  barometric  changes  is  not  considered. 
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LuEGER.  Otto.    Einflusa  der  Atmoapharendruckes  auf  die  Ergiebigkeit  von  Bninnen  und  Quelkn: 

Ceiitmlblatt  d.  Bauverwaltuiig,  1882,  p.  8, 
MiLNK,  John.    Keismolof^y.    London,  1898,  p.  243. 

Reports  two  sinkingn  and  two  risinKx  <>f  about  6  miliimeterH  in  a  shallow  well  near  Tokio.  Tb« 
sinkings  took  place  between  2  and  6  p.  m.  and  2  and 5a.  m.  Note:  These  fluctuations  suggest  the 
diurnal  barometric  wave,  but  they  can  be  referred  to  it  only  if  the  time  given  is  taken  to  mean 
the  time  at  which  the  water  commenced  to  sink  and  not  the  time  of  the  low-water  stage. 
Oliver,  Dr.  William.  Of  a  well  that  ebbs  and  flows  .  .  .  :  Trans.  Phil.  Soc.  London,  No.  204,  vol 
17,  1693,  p.  908;  Trans.  Phil.  Soc.  London  from  letkVlSOO  (abridged),  vol.  S,  1809,  pp.  685-586. 

Describes  well  near  Torbay  called  "  Lay  well,"  that  ebbs  and  flows  from  16  to 20  times  per  hour. 
See  Atwell,  above,  and  discussion  of  minor  periodic  fluctuations  on  p.  75. 
Pliny  the  Younger  (Calus  Plinius  Coecilius  Secundus).    Epistolse,  lib.  4,  epist.  ult. 

In  his  letter  to  Liclnlus  Pliny  describes  the  fluctuations  In  the  discharge  of  a  spring  near  his 
villa  in  Como,  Italy,  which  he  states  ebbs  and  flows  thrice  a  day.    He  suggests  that  the  fluctua- 
tions may  be  due  to  "  the  obstruction  of  air,"  tidal  action,  or  some  secret  and  unknown  contriv- 
ance in  the  nature  of  a  valve.    Pliny  the  elder,  in  his  Historia  Naturalis,  lib.  2,  cap.  106,  referpto 
the  same  spring,  but  states  that  it  ebbs  and  fl«>ws  every  hour— a  statement  which  is  verified  by 
Catana^us,  the  learned  commentator  on  the  Epistles.    From  the  meager  and  contradictory  data 
given  it  is  unsafe  to  venture  a  decided  opinion  on  the  cause  of  these  fluctuations,  but  they  may 
be  tentatively  regarded  as  barometric. 
Roberts,  Isaac.    On    .    .    .    the  variation  in  atmqspheric  pressure    .    .    .    causing  oscillations  in 
the  underground  water  in  porous  strata:  Rept.  Brit.  Assoc,  for  1883,  p.  405. 
States  that  autographic  records  from  a  well  at  Maghill,  near  Liverpool,  show  .such  fluctuationi. 
Slighter,  Charl^is  8.    Water-Sup.  andlrr.  Paper  No.  67,  U.  8.  Geol.  Styrvey,  1902,  pp.  71-72. 

Refers  to  reports  of  Latham,  King,  and  Lueger. 
Todd,  James  E.    Bull.  Geol.  Survey,  South  Dakota,  No.  2, 1898,  p.  116;  Water-Sup.  and  Irr.  Paper  Na 
34,  U.  S.  Geol.  Survey,  1900,  p.  29. 
Reports  that  well  discharge  varies  inversely  with  barometic  pressure. 

FLUCTUATIONS  DUE  TO  TEMPERATURE  CHANGES. 

OBSERYATIONS  AT  MADI80K,  WIS.— FLUCTTTATIOVS  YABYIKO  DIREOTLT  WITH  THB  TBX- 

PEKATTTKE. 

In  1888  Kinj?  observed  in  certain  shallow  wells  at  Madison,  Wis.,  that  the  water 
regularly  for  a  portion  of  the  summer  months  stood  higher  in  the  morning  than  at 
night,  a  Further  observations  during  the  period  1888  to  1892  showed  that  there  was 
in  many  wells  a  diurnal  wave,  distinctly  marked  during  the  summer  and  dying  out 
in  winter,  which  was  clearly  not  barometric  in  character,  and  was  not  produced 
by  the  uneijual  plant  transpiration  during  the  day  and  night.  Suspecting  that  these 
changes  were  intimately  related  to  temperature.  King  tried  the  following  experiment: 

A  galvanized-iron  cylinder,  6  feet  deep  and  30  inches  in  diameter,  provided  with  a  bottom,  and 
water-tight,  was  filled  with  soil,  standing  its  full  height  above  the  ground  in  the  open  field.  In  the 
center  of  this  cylinder  and  extending  to  the  bottom  a  col!imn  of  5-iuch  drain  tile  was  placed  and  the 
soil  filled  in  about  it  and  packed  as  thoroughly  as  practicable.  Water  was  poured  into  the  cavity 
formed  by  the  tile  until  it  was  full,  and  allowed  to  percolate  into  the  soil  so  as  to  saturate  it  and  leave 
the  water  standing  nearly  a  foot  deep  in  the  well.  When  the  water  in  this  artificial  well  had  become 
nearly  stationary  one  of  the  self-registering  instruments  was  placed  upon  it. 6  In  order  to  avoid  any 
complications  due  to  percolation,  the  apparatus  was  provided  Mrith  a  cover  which  could  be  put  on  in 
times  of  rain  and  removed  again  during  fair  weather.  The  first  records  showed  a  small  diurnal  oscil- 
lation, and  as  the  season  advanced  these  increased  in  amplitude  until  finally  the  water  rose  in  the 
well  during  the  day  of  July  8, 1.8  inches  and  fell  during  the  following  night  1.84  Inches.  After  these 
diurnal  as<?illtttions  had  become  so  pron«Junced  and  so  constant,  a  series  of  thermometers  were  intro- 
duced into  the  side  of  the  cylinder,  extending  to  different  distances  from  the  surface,  and  a  record 
kept  of  the  changes  in  the  soil  temperature;  and  the  result  of  these  observations  was  to  show  that  the 
turning  points  in  the  water  curve  fell  exactly  u\K)n  the  turning  pointn  of  the  temperature  of  the  soil 
in  the  cylinder.  When  this  fact  was  ascertained,  to  show  whether  the  correspondence  in  thetimeof 
the  two  curves  was  due  to  a  diurnal  cause,  other  than  temperature,  which  had  its  turning  points  so 
related  to  those  of  the  temperature  as  to  cause  the  two  to  accidentally  fall  together,  cold  water  was 


aKing,  Franklin  H.,  Observations  and  experiments  on  the  fluctuations  in  the  level  and  rale  of 
movement  of  ground  water  on  the  Wisc'onsin  Agricultural  Experiment  Station  Farm  and  at  White- 
water. Wis.:  Bull.  U.  S.  Weather  Bureau  No.  5,  1892;  also  Ann.  Repts.  Wisconsin  Agric.  Expt.  Station, 
1889-1893. 

b  For  a  figure  of  this  apparatus  see  Bull.  U.  S.  Weather  Bureau  No.  5. 
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brought  from  the  well  and,  with  a  spray  pump,  applied  to  the  surface  of  the  cylinder  all  around. 
The  water  was  applied  on  a  hot  sunny  day,  just  after  dinner,  when  the  water  was  rising  in  the  well, 
and  the  result  was  an  immediate  change  in  the  curve,  the  water  beginning  to  fall  in  the  well.  The 
water  was  then  turned  off,  and  the  result  of  this  change  was  to  stop  the  fall  of  the  water  in  the  well, 
as  shown  by  a  change  m  the  direction  of  the  cur\'e. 

This  led  to  the  conclusion  that  there  was  a  very  positive  connection  between  the 
changes  in  the  soil  temperature  and  changes  in  the  level  of  the  water  in  the  wells, 
and  that  the  fluctuation  varied  directly  with  the  temperature;  that  is,  the  water  in 
the  wells  rose  with  increasing  temperature  and  fell  when  the  temperature  lowered. 
A  specially  constructed  self-recording  soil  thermometer  showed  that  at  a  depth  of 
18  inches  the  minimum  temperature  occurred  at  noon,  and  the  the  maximum  a  little 
after  midnight.  It  was  therefore  argued  that  at  a  depth  of  3  feet,  or  the  level  at 
which  the  wells  were  fluctuating,  the  maximum  and  minimum  temperature  would 
occur  still  later,  and  that  the  high  water  which  occurred  in  the  wells  at  8  o'clock  in 
the  morning  was  due  to  the  maximum  temperature  falling  at  that  time  at  that  depth. 
The  autographic  records,  moreover,  show  that  the  well  curves  have  the  same  charac- 
teristic as  the  temperature  curve — there  is  in  both  a  comparatively  sudden  rise  and  a 
long  fall.  King  at  first  believed  that  these  fluctuations  were  produced  by  a  variation 
in  the  capillary  action  of  the  soil  resulting  from  the  change  in  tempeEature,«  but 
afterwards  concluded  that  the  fluctuations  were  due  not  so  much  to  **a  change  in  the 
viscosity  of  the  ground  water  as  to  variations  in  pressure  due  to  the  expansion  and 
contraction  of  the  gas  confined  in  the  soil  within  and  above  the  water.  "^ 

Changes  in  capillary  attraction  and  surface  tension,  due  to  temperature  changes, 
are  quite  competent  to  produce  fluctuations  which  are  related  to  the  temperature  in 
the  way  observed.  A  rise  in  temperature,  by  decreasing  the  capillary  attraction, 
causes  some  of  the  capillary  water  al>ove  the  water  table  to  be  added  to  the  zone  of 
complete  saturation,  and  so  increases  the  level  of  the  water  in  wells.  Conversely,  a 
decrease  of  temperature,  by  increasing  the  surface  tension  and  capillary  attraction, 
causes  water  to  be  transferreti  from  the  ground  water  to  the  partially  saturated  zone 
above  it,  and  so  lowers  the  water  in  wells.  There  is,  then,  a  continual  interchange, 
a  flux  and  reflux,  between  the  ground  water  and  the  water  in  the  partially  saturated 
zofie  above  it.  The  amount  of  water  involved  in  this  change  is  probably  small,  but, 
because  of  the  very  small  amount  of  unoccupied  pore  space  existing  immediately  above 
the  zone  of  saturation,  a  very  slight  shifting  of  water  can  produce  a  fluctuation  of  sev- 
eral inches  in  the  surface  of  the  zone  of  saturation  or  the  water  level  in  a  well.  This 
effect  is  marked  only  when  the  bottom  of  the  well  (supposing  the  well  tube  to  be 
impervious)  is  very  near  the  top  of  the  ground-water  table;  it  is  not  shown  in  deep 
wells  because,  while  the  position  of  the  ground-water  table  is  constantly  changing  in 
this  way,  there  in,  so  far  as  deeper  points  are  concerned,  no  ini[M)rtant  change  in 
pressure.  The  total  pressure  at  a  given  point  below  the  ground-water  table  is  eFsen- 
tially  the  same  whether  the  water  involved  is  in  the  saturated  zone  or  2  or  3  inches 
above  it  in  an  almost  saturated  layer.  To  this,  more  than  to  the  fact  that  the  vari- 
ations in  soil  temperature  at  a  given  depth  are  less  in  winter  than  in  summer,  is  due 
the  fact  that  these  fluctuations  at  Madison,  Win.,  were  not  phown  by  the  twice-daily 
observations,  made  morning  and  evening  Ix'tweeii  1888  and  1892,  until  past  or  near 
the  middle  of  July  (when  the  water  was  nearing  its  yearly  mininmm),  and  from  that 
time  increased  toward  a  maximum,  occurring  soiiietinie  in  Augui«t  (probably  corre- 
sponding with  the  ground-water  minimum),  ami  then  died  away  until  the  middle 
of  October,  when  they  became  inconspicuous.  It  likewihc  explains  the  fact  that  not 
all  the  wells  observed,  though  they  were  in  a  limited  area,  show  the^e  fluctuations, 
and  why  they  begin  at  different  times  in  adjacent  wells  of  different  depths. 


a  Bull.  U.  S.  Weather  Bureau  No.  6.  1H92.  pp.  63.  67. 

OBuU.  U.  S.  Weather  Bureau  No.  5.  1892,  p.  72;  Nineteenth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  2, 
1899,  pp.  75,  77. 
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To  this  relation  are  due  the  apparently  anomalous  phenomena  observed  in  "well 
No.  .5,'*  which  King  reconls  as  follows: 

The  ground-water  level  had  fallen  until  well  5  was  likely  to  become  dry.  In  order  not  to  lose  the 
records  it  wait  deepened  by  boring  a  hole  in  the  center  and  curbing  it  with  sections  of  5-inch  drain 
tile  in  the  manner  represented  in  the  figure,"  which  shows  the  two  water  surfaces  whose  fluctuations 
are  recorded  in  fig.  16.  The  original  well,  having  an  Inside  diameter  of  1  foot  and  a  depth  of  5.5  feet, 
was  bricked  up  to  within  2  feet  of  the  surface  and  then  finished  with  a  section  of  sewer  pipe,  as 
shown  in  the  cut,a  where  the  character  and  arrangement  of  the  soil  through  which  the  well  pene- 
trated may  also  be  seen,  b 

The  facts  are,  strange  as  it  does  appear,  that  under  these  conditonsand  In  such  close  juxtaposition, 
oscillations  so  unlike  In  their  character  as  the  two  under  consideration  were  produced  simultaneously. 
The  level  of  the  water  in  the  outer  well  oscillated  so  as  to  stand  in  the  morning  from  0.1  to  0.3  inch 
above  the  level  of  the  water  in  the  inner  one,  and  at  night  from  0.5  inch  to  1.2  inches  below  that 
surface,  and  these  differences  were  maintained  with  only  the  unglazed  section  of  drain  tile  separating 
them.  The  large  oscillations  in  this  well  became  very  pronounced  and  constant  only  a  short  time 
before  it  became  dry.  and  the  inner  well  did  not  take  up  the  marked  changes  in  level  after  the  water 
fell  below  the  bottom  of  the  original  well.  No  other  well  of  this  series,  although  constructed  in  the 
same  manner,  showed  such  marked  oscillations. 

The  second  suggestion,  that  the  fluctuations  are  produced  by  the  expansion  and 
contraction  of  the  air  due  to  temperature  changes,  is  not  supported  by  the  observed 
isLcts.  The  daily  temperature  fluctuation  at  the  depths  observed  amounts  to  but  a 
fraction  of  a  degree,  and  the  change  in  volume  or  vapor  tension  of  the  air  resulting 
from  this  is  quite  incompetent  to  produce  the  fluctuations  observed.  Moreover,  this 
involves  an  elevation  in  the  well  due  to  pressure  of  much  the  same  character  as  that 
producing  the  fluctuations  due  to  barometric  changes.  The  effects  of  such  pressure 
changes  are  felt  not  only  at  the  surface  of  the  zone  of  complete  saturation,  or  the 
water  table,  but  are  transmitted  for  many  feet  below  it,  and  in  the  case  of  well  No.  5, 
described  above,  the  fluctuations  under  such  conditions  would  be  shown  in  both 
wells,  though  in  the  deep  one  the  amplitude  would  be  slightly  leas. 

On  the  whole  there  seems  to  be  no  other  alternative  than  to  regard  these  Madison 
fluctuations  as  the  result  of  variations  in  the  capillary  attraction  and  surface  tension, 
of  the  water  above  the  zone  of  complete  saturation,  produced  by  variations  in 
temperature. 

In  fluctuations  of  this  character  a  limiting  factor  is  clearly  the  range  of  tempehi- 
ture,  which  decreases  very  rapidly  with  depth,  so  that  at  a  relatively  shallow  depth, 
much  lees  than  the  limit  of  no  annual  change,  the  fluctuations  become  impercepti- 
ble. The  amplitude  will,  moreover,  be  affected  by  the  size  of  the  pore  spaces,  being 
greater  in  fine  than  in  coarse  material. 

OBSERYATIOVS   AT   LTKBROOX,    V.    Y.— FLTJ0TUATI0K8   mVESSSLT   RBLATES   TO 

TBMPEKATUEB. 

0 

Two  of  the  wells  at  Lynbrook  show  pronounced  fluctuations  which  are  clearly  due 
to  temperature  changes.  These  fluctuations,  while  they  resemble  those  observed  at 
Madison  in  the  fact  that  the  water  is  higher  in  the  morning  than  at  night,  differ 
from  them  in  two  important  respects.  There  is  no  connection  between  their  occur- 
rence and  the  relation  of  the  ground- water  table  to  the  bottom  of  the  well;  they  are 
best  develope<i  in  a  2- inch  well,  14  feet  deep,  whose  bottom  is  about  13.76  feet  below 
the  ground- water  level;  they  are  distinctly  developed  in  a  well  72  feet  deep,  and  are 
believed  to  form  one  of  the  elements  in  a  compound  curve  obtained  from  the  504- 
foot  well  (PI.  VI,  p.  24).  There  is  also  the  further  difference  that,  while  these  are 
clearly  temperature  fluctuations,  they  are  inversely  related  to  the  temperature— that 
is,  the  water  is  high  when  the  temperature  is  low.     Avoiding  all  discussion  of  the 

aOraitted  in  this  report. 

bThe  stratification,  as  shown  in  the  original  cut,  is  as  follows: 

Section  of  well  at  Madison,  Wis.,  which  Jumished  fluctuations  shoxen  in  fig.  16.  Feet 

1.  Loam -. 0.6 

2.  Clay 3.0 

3.  Sand 9 

4.  Clay ;; S 

5.  Sand 8.0 
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question  of  laj;,  this  relation  ia 
conclusively  shown  by  the 
shape  of  the  curves.  The  char- 
acteristic of  the  air  temperature 
curve  is  a  quick  rL«e  and  slower 
fall;  well  fluctuations  directly 
related  to  the  temperature,  as 
those  at  Madison,  therefore 
must  show  a  quick  rise  and  a 
slower  fall,  but  in  the  Lyn- 
brook  wells  there  is  a  quick 
fall  and  slower  rise  (see  PI.  VI, 
Aug.  1-3).  These  evidently 
belong  in  quite  a  different  class 
from  the  temperature  fluctua- 
tions observed  at  Madison,  and 
involve  quite  a  different  rela- 
tion between  the  soil  tempera- 
ture and  the  ground  water. 

The  soil  is  a  very  poor  trans- 
mitter of  heat,  and  there  is  not 
only  a  very  rapid  diminution 
of  the  temperature  range  with 
depth,  but  a  very  considerable 
time  lag.  Bwezey's  ol)eerva- 
tions  «  at  Lincoln,  Nebr.,  for  a 
period  of  fourteen  years  show 
that  while  in  winter  the  maxi- 
mum temperature  occurs  in  the 
air  at  about  the  middle  of  the 
afternoon,  at  a  depth  of  3  to  6 
inches  it  occurs  in  the  evening, 
and  at  1  foot  it  is  delayed  until 
the  following  morning;  below 
1  foot  it  is  scarcely  appreciable. 
In  summer  the  daily  range  is 
considerably  greater  at  all 
depths,  the  changes  are  appre- 
ciable to  a  depth  of  at  least  2 
feet,  and  are  retarde<l  to  about 
the  same  extent  as  in  winter. 

At  Bronx  Park,  New  York 
City,  the  record  obtained  l)y 
MacDougal  f*  with  a  Hallock 
thermograph  showed  that  at  1 
foot  below  the  surface  the  max- 
imum daily  temperature  oc- 
curred between  Sand  lip.  m., 
and  the  minimum  between  8 

rtSwezey,  G.  D.,  Soil  temperature 
at  Lineolii,  Nebr,  1HS8  to  1902:  Six- 
teenth Ann.  Kept.  Nebraska  AKhc. 
£xpt.  Station  for  1902. 1903,  pp.  95-129; 
Expt.  Station  Record,  vol.  lo,  1904, 
pp.  460-461. 

(» MacDougal,  Daniel  Tremblv,  Soil 
temperaturesand  vegetation.  Month- 
ly weather  Review,  vol.  31,  August, 
1908,  pp.  876-879. 
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and  10  a.  m.;  and  the  maximum  daily  ranj^e  was  hut 


2°  C.  (3.6«F.),  which  was 
rea<-heil  on  hut  two  cn-ca- 
wonn.  The  t4)tai  annual 
variation  from  June  9,  lii02, 
to  May  31, 1903,  was  16.2*^  C. 
(29.4°  F. ).  Similar  result? 
have  bet»n  ohtained  by  Cul- 
lender at  Montreal. « 

As  a  result  of  this  slow 
transmission  of  tempera- 
ture, the  temperature  at  the 
ground- water  outlet  may  be 
at  its  maximum  while  a 
short  d istance  away ;  w  here 
the  water  table  is  but  a  foot 
or  two  from  the  surface,  the 
ground  temperature  may  be 
at  its  minimum.  Now,  the 
rate  of  flow  of  water  is 
greatly  affect e<l  by  temper- 
ature. Poiseuille  found 
that  water  at  a  temi>eni- 
ture  of  4o°  C.  flowtnl  2.5 
times  as  fast  under  other- 
wise like  condition.-?  as 
water  at  5°  C. «»  Th  is  gives 
rise  to  the  phenomena 
shown  in  fig.  17. 

There  is  thus  produced  a 
distinct  and  periodic  fluc- 
tuation    of     the     ground 
water,  which  is  great  near 
the    ground-water     outlet 
and    decreases    rapidly  in 
amplitude  as  the  distance 
from  the  outcrop  increases. 
The  fluctuation  is  produced 
by  an  actual  shifting  of  the 
water  whereby  the  pressure 
conditions   are   constantly 
changed,  and   in   this   in- 
spect it   differs   from   the 
Madison    fluctuations    (p. 
54).     It  is  this  change  in 
pressure  that  causes  these 
fluctuations  to  show  in  the 
other  wells,  even  to  a  depth 
of  500  feet    The  same  phe- 
nomenon  of   response    to 
loading    and    relief   from 
load  is  exhibited  in  some 
of  the  rainfall  fluctuations 


described  above  (p.  42)  and  in  the  sympathetic  tidal  fluctuations  (p.  65). 


fiCal lender.  Hugh  L..  Pmc.  and  Trans.  Royal  Soc.  Canada  for  1895,  2d  ser.,  vol.  1,  sec.  3,  p.  79,  fig.  i 
hQuoUKl  by  King,  Nineteenth  Ann.  Rept.  U.  S.  (ieol.  Survev.pt.  2,  1899,  p.  82;  j»ee  also  Carpenter. 

L.  C,  Seepage  and  return  waters  from  Irrigation:  Bull.  Colorado  Agric.  Expt.  Station  No.  38,  l»6v 

pp.  42-44. 
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These  data  suggest  that  the  annual  changes  of  the  soil  temperature  may  proauce  a 
aomewhat  analogous  effect,  the  warm  summer  temperature  assisting  in  the  depletion 
or  lowering  of  the  water  near  the  ground-water  outlets,  and  the  cold  winter  tempera- 
ture, by  rendering  the  water  more  viscous,  retarding  the  outflow.  In  one  respect 
the  result  would  be  in  the  same  direction  as  the  annual  ground-water  fluctuations, 
and  this  is  perhaps  to  be  considered  one  of  the  minor  factors.  It  would  also  tend  to 
make  the  time  of  occurrence  of  the  maximum  and  minimum  of  the  yearly  fluctua- 
tion earlier  near  the  ground- water  outlets  than  on  the  divides — or  just  the  condi- 
tion observed  on  Long  Island  (p.  35). 

OBBERYATIOKS  AT  8HSRL00K,  KAKS. 

Diurnal  fluctuations  due  to  temperature  changes  were  observed  by  Mr.  Henry  C. 
Wolff,  at  Sherlock,  Kans.,  in  1904,  while  working  under  the  direction  of  Prof.  C  S. 
Slichter.«  Mr.  Wolff  reports  that  the  wells  are  low  in  the  evening  and  high  in  the 
morning,  and  that  there  is  no  important  time  lag  between  wells  where  the  water  line 
is  6  inches  below  the  surface  and  those  where  it  is  3  feet  below.  In  a  few  wells 
where  the  water  level  was  about  3  feet  from  the  surfat^e,  which  were  observed  long 
enough  to  show  the  shape  of  the  curve,  the  characteristics  of  the  Madison  curve  are 
shown — that  is,  there  is  a  long  fall  and  sudden  rise. 

DIXIRKAL  FLXrCTTTATIOVS  07  CACHE  LA  POUDRS  RIVER,  COLORADO. 

Carpenter  has  observed  very  regular  diurnal  changes  in  the  height  of  Cache  la 
Poudre  River  near  Fort  Collins,  Colo.  ^  Here  the  high  water  occurs  at  from  4  to  6 
a.  ra.,  the  low  water  at  8  p.  m.,  and  the  extreme  range  of  the  daily  change  in  river 
level  noted  was  about  1  foot.  The  durves  show  the  same  characteristics  as  those 
observed  by  Wolff  at  Sherlock,  Kans. ;  there  is  a  long  fall  and  a  sudden  rise,  and 
they  are  therefore  directly  related  to  the  temperature.  Carpenter  concludes  that 
these  fluctuations  are  due  to  differences  in  daily  melting  in  the  snow  fields,  and  that 
the  occurrence  of  the  high  water  in  the  morning  is  due  to  the  distance  from  the  snow 
fields.  While  this  is  a  very  possible  explanation,  and  in  the  writer*s  opinion  it  is 
probably  the  correct  one,  it  is  desirable  to  have  the  matter  checked  by  other  obser- 
vations. If  the  fluctuaticms  are  purely  due  to  daily  waves  moving  down  the  river, 
due  to  melting  snow,  gages  at  other  points  should  show  the  maximum  and  minimum 
at  different  times;  if  the  fluctuations  are  due  to  variation  in  rate*  of  ground-water 
discharge  and  are  analogous  to  those  described  above,  the  time  will  l)e  the  same  at 
different  points. 

REFEREHOSS  RELATIVa  TO  FLTJCTTTATIOKB  PRODTTOED  BT  TEKPERATTTRE  CHAHGES. 

Besides  the  references  given  above  to  the  discussions  of  King,  Slichter,  and  Wolff, 
it  is  desirable  to  add  here  the  early  reference  of  Pliny  to  fluctuating  wells  belonging 
to  this  class: 

Pliny  the  Elder  (Colus  Plinloa  Secundus).    Historia  Naturalls,  lib.  2,  cap.  106  [Pliny's  Natural 
History,  Bostock  and  Riley's  translation,  Bohn's  Librariefl,  vol.  1,  1887,  pp.  138-134J. 

•*  In  the  island  of  Tenedos  there  Is  a  spring  which,  after  the  summer  solstice,  is  full  of  water 
from  the  third  hour  of  the  night  to  the  sixth."  '*The  fountain  of  Jupiter  in  Dodona  .  .  . 
always  becomes  dry  at  noon,  from  which  circumstance  it  is  called  'The  Loiterer.*  It  then 
increases  and  becomes  full  at  midnight,  after  which  it  again  visibly  decreases."  Hardouin  notes 
that  there  Is  a  similar  kind  of  fountain  In  Provence  called  "CoIIis  Martiensis."  These  fluctua- 
tions clearly  belong  to  the  class  produced  by  temperature  changes. 

FJLUCTtrATIONS  PRODUCED  BY  RIVERS. 

Rivers  may  produce  fluctuations  of  the  water  level  in  wells  in  three  ways:  (1)  By 
changing  the  height  of  the  ground- water  discharge;  (2)  by  seepage  or  actual  con- 
tributions to  the  ground  water,  and  (3)  by  transmitted  prensure  or  plastic  defonnation. 


aThe  underflow  of  the  Arkanwus  Valley  in  western  Kannas:  Water-Sup.  and  Irr.  Paper  No.  163,  U.  8. 
Geol.  Survey. 
6 Carpenter,  L.  O.,  Bull.  Colorado  Agric.  Expt.  station  No.  56, 1901,  figs.  2-6. 
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FLTJOTUATIOKB  PRODXrOED  BT  GHAVGE8  IV  KATB  07  GEOTTSD-WATER  DIBOHAmOB. 

In  regions  where  the  sideH  of  the  channels  are  pervious  and  the  ground  water  con- 
tributes to  the  stream  flow,  the  water  table,  after  a  period  of  long  drought,  slopes 
regularly  down  to  the  water  surface.  If  the  stream  rises  through  cauaeH  not  asso- 
ciated with  local  ground-water  conditions,  the  ground-water  table  is  found  likewise 
to  rise  to  a  greater  or  leas  extent.  This  is  accomplished  in  part  by  an  outflow  from 
the  river  and  in  part  by  the  accumulation  of  the  ground-water  flow,  which  can  not 
so  readily  escape  under  the  new  conditions  as  under  the  old.  If  this  new  level  were 
permanently  maintainefl  a  complete  readjustment  would  take  place,  and  a  line 
roughly  parallel  to  the  initial  position  of  the  ground-water  table  would  be  developed; 
and  if  there  were  no  new  outlets  developed  by  this  elevation  of  the  ground  water, 
wells  at  all  distances  would  be  similarly  affected.  Actually,  however,  the  river  L*  con- 
stantly changing;  a  stories  of  waves  of  unequal  height  and  duration,  representing  the 
high  and  low  waters,  are  constantly  traveling  down  every  stream,  and  no  stage  lasts 
long  enough  for  the  establishment  of  a  perfectly  graded  ground-water  table,  even 
were  there  no  other  factors  involved.  The  result  of  this  unceasing  change  Ls  that 
the  fluctuations  are  greatest  near  the  river  and  become  imperceptible  at  very  short 
distances.  This  is  due  not  only  to  the  rapidity  of  the  fluctuations  in  the  river,  but 
to  the  slow  rate  of  outflow  and  accumulation. 

Observations  made  by  Hess  «  along  Aller  River,  near  Celle,  Germany,  in  1866,  give 
the  values  expressed  in  the  table  below: 

Table  showing  lag  of  high-  and  loto-waler  stages  in  weUs  along  Aller  Hiver,  behind  high-  and 

low-tvater  stages  in  the  rirer. 


Distance 
from 
river. 

High  water,  Feb.- 
Mar.,  1866. 

Low  water,  Mar.  7, 
1866. 

High  water,  Apr.l, 
1866. 

Test  well  No.— 

High  wa- 
ter in 
well  be- 
hind high 
water  m 
river. 

Rate  per 
day. 

Low  water 
in  well  be- 
hind low 
water  in 
river. 

Bate  per 
day. 

High  water 
in  well  be- 
hind high 
water  in 
river. 

Rate  per 
day. 

1 

MHers. 
47 
140 
851 
468 
684 

Days. 

5 

5 

17 

19 

21 

Meters. 
10 
28 
21 
24 

Days. 
2 
3 

4 
7 

Meters. 
23.6 
47.0 
88.0 
«7.0 

Days. 

4 
5 
10 

Meter*. 
12.5 

2 

2&.0 

3 

35lO 

4 

6 

28 

Observations  made  by  Slichter  in  very  porous  gravels  in  western  Kansas,  at  Gar- 
den, Sherlock,  and  Deerfield,  while  showing  a  more  rapid  transmission  than  those 
just  indicattKi,  give  very  marked  time  lags.  The  conditions  here  are  different  in  the 
respect  that  the  ground  water  does  not  materially  add  to  the  stream  flow,  and  the 
rise  of  the  water  in  the  wells  is  due  wholly  to  seepage.  The  slope  of  the  water  plane 
is  not  toward  the  river,  but  downstream,  at  a  rate  very  nearly  the  same  as  that  of 
the  stream.  At  Sherlock  the  water  plane  on  July  27, 1904,  sloped  gently  to  the  river 
from  test  well  No.  5,  but  the  water  in  test  wells  Nos.  2,  3,  and  6  was  lower  than  the 
river.  Betw^een  11  and  4  o'clock  the  river  rose  1.6  feet,  and  then  fell  gradually.  The 
beginning  of  the  rise  was  felt  in  well  No.  3,  400  feet  north  of  the  river,  in  less  than 
two  hours;  in  w  ells  No.  2,  900  feet  north  of  the  river,  and  No.  5,  650  feet  south  of 
the  river,  in  between  three  and  four  hours;  in  well  No.  4,  1,000  feet  south  of  the 

a He88.  Beobachtungeii  Ober  dim Grundwasscrs der  norddeiitsclien  Ebene.  Zeltschr. des  Arrhitekten 
und  Ingenieurvereins  in  Hannover,  vol.  16, 1870,  quoted  by  Hoyka,  Der  Boden,  Leipsig.  1887,  pp.  3Q- 
267,  figs.  2H-25;  and  (iorhardt,  Der  Wa^serbau,  Leipzig,  1892,  pp.  49-60,  PI.  I,  figs.  7,  8.  The  diagnuB? 
given  by  Soyka  and  Gerhardt  do  not  check  with  ihv  values  given  in  the  text,  and  as  the  figures  are 
clearly  carelesuly  drawn  the  text  values  are  reproduced  here. 
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river,  in  four  hours.  Well  No.  6,  2,500  feet  from  the  river,  fell  daring  the  whole 
period  of  observation.  The  difference  in  time  in  the  occurrence  of  the  maximum  is 
expressed  in  the  following  table: 

Difference  in  time  between  high  tvater  in  Arkansas  River  and  wells  on  its  bankSy  near  Sher^ 

locky  Kans.,  July,  1904. 


No.  of 
well. 

Distance 
from 
river. 

^- 

Feet, 

Hour». 

3 

a400 

3-6 

2 

a900 

12 

1 

a500 

36 

5 

b650 

108+ (V) 

4 

bl.OOO 

108 -H 

6 

ft'ASOO 

(0 

a  North, 
ft  South. 
oNo  rise  in  five  days. 

It  will  be  noted  that  the  most  rapid  transmission  was  toward  the  north,  where  the 
water  plane  sloped  away  from  the  river,  while  the  slight  rise  of  the  water  plane 
tow^ard  wells  Nos.  4  and  5  produced  a  very  marked  retardation. 

These  observations  seem  to  indicate  that  the  rate  of  transmission  is  greater  when 
the  water  plane  slopes  from  the  river  than  when  it  slopes  toward  it  and  help  to 
explain  the  great  retardation  observed  at  Celle.  In  no  instance  in  this  Kansas  work 
were  the  effects  of  floods  observed  in  wells  at  distances  of  more  than  one-fourth  of 
a  mile  from  the  river. 

In  case  there  is  open  connection  between  the  river  and  the  well,  such  as  might  be 
afforded  by  limestone  caves,  changes  in  level  may  be  felt  at  considerable  distances 
with  but  very  little  time  lag.  Very  rapid  fluctuations  would,  however,  be  obliter- 
ated here,  for  the  well  would  act  very  much  as  the  still  box  used  in  tidal  work, 
which  consists  of  a  large  well  connected  with  the  ocean  by  means  of  a  relatively 
small  passage  opening  at  some  distance  below  the  water  surface.  The  wave  action 
is  entirely  obliterated,  because  the  water  does  not  have  time  to  flow  in  and  out  of 
the  well  in  the  period  between  fluctuations.  The  gradual  changes  of  the  tide  are, 
however,  exactly  recorded.  But  direct  cavernous  connections  between  wells  and 
waterways  are  rare,  and  generally  river  changes  act  through  the  interstices  of  the 
soil  in  the  way  observed  at  Celle  and  Sherlock  or  by  transmitted  pressure  aa  described 
below. 

FLTTCTTTATI0V8  PRODTJCOn)  BT  IEK£GTJLAE  nTFILTRATIOK  7E0M  BIVSR8  WITH  VORMALLT 

mPEKYIOUB  BEDS. 

Besides  rivers  which  have  pervious  sides  and  into  which  the  ground  water  is 
always  free  to  flow  or  out  of  which  the  water  flows  whenever  the  river  level  exceeds 
that  of  the  ground  water,  there  are  many  rivers  which,  under  normal  conditions,  so 
plaster  their  beds  with  fine  silt  that  water  is  unable  to  flow  either  in  or  out.  Nearly 
all  rivers  carrying  large  amounts  of  fine  silt «  are  normally  in  this  condition,  and 
it  is  thus  that  the  water  in  many  delta  regions  is  able  to  flow  at  heights  above  the 
surrounding  land,  and  rivers  in  other  regions  flow  at  heights  much  above  the  normal 
ground- water  level. 

Thus  the  Leitha  at  Katzelsdorf,  near  Wiener  Neustadt,  flows  at  a  height  of  10  to 
70  feet  above  the  level  of  the  ground  water  at  that  place,  the  height  depending  on 


a  For  an  example  of  the  silting  power  of  a  clear  stream  see  Freeman,  John  R.,  Percolation  through 
Embanlunents  and  the  Natural  Closing  of  L^aks,  Boston  Soc.  Civil  £ng.,  June  20,  1888. 
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the  stajfe  of  the  jjround  water,  although  there  is  at  all  times  considerable  .«ee|>ape. 
(PI.  IX.) 

The  Rio  (irande  in  a  similar  way  flows  from  central  New  Mexico  to  the  sea,  always 
above  the  ground-water  level. 

When  the  rivers  silt  up  their  beds,  where  the  water  plane  slopes  down  to  the  river 
and  there  is  a  tendency  to  discharge  into  the  river,  the  silting  develops  an  artesian 
head  which  caust»8  the  water  to  rise  above  the  level  of  the  river  in  wells  sunk  within 
the  channel.  Such  occurrences  have  been  reported  by  Salbach  in  the  Elbe. «  This 
Ell)e  occurrence  may,  however,  be  due  to  a  sheet  of  clay  not  connected  with  the 
river-silt  deposits  of  the  present  rc^^gime.  During  floods  such  rivers  frequently  eooor 
out  their  beds  and  establish  a  connection  between  the  surface  and  the  undergroand 
waters.  When  the  river  is  alwve  the  ground-water  table,  this  leakage  will  raise  the 
water  level;  when  the  reverst»  is  the  (««e,  it  may,  by  permitting  a  dischai^ge  of  the 
artesian  water,  cause  the  water  level  in  a  near-by  well  to  lower. 

Slichter  has  found  at  Mesilla  Park,  N.  Mex.,  that  the  greater  part  of  the  underflow 
in  the  valley  is  derivwl  in  this  way  from  the  flood  waters  of  the  Rio  Grande.  *  Pre- 
ce<ling  the  AcmmI  of  ()ctol)er  5,  1904,  the  ground-water  level  was  several  feet  below  the 
river  channel,  although  the  river  contained  considerable  water.  The  effect  of  the 
flood  was  well  markt»d  at  well  No.  7,  three-fourths  of  a  mile  from  the  river,  but  did 
not  affect  well  No.  6,  1.3  miles  from  the  river,  in  seventeen  days.  The  rate  of  trans- 
mission is  evidently  quite  similar  in  this  case  to  those  given  above. 

CJuite  different  from  these  slow  rates  of  change  in  the  ground-water  level  due  to  river 
changes  are  the  changes  in  the  J-iondon  wells  ascribed  by  Clutterbuck  and  Buckland  ^ 
to  AocmIs  in  Colne  River  at  Watfonl,  Hertfordshire.  According  to  these  ol)ser\'er?  a 
rise  in  the  Colne  produces  a  rise  in  the  London  wells,  15  miles  distant,  in  a  few  hours. 
These  floods  are  due  to  heavy  rains  and  it  seems  much  more  probable  that  the 
observed  rise  is  due  to  the  weight  of  the  rain  on  the  local  London  area  than  to  the 
transmitted  pressure  from  a  flood  15  miles  distant.  Fluctuations  of  this  character 
due  to  rainfall  have  l)een  observed  at  Lynbrook,  N.  Y.  (p.  42),  and  no  such  rates  of 
laU^ral  transmission  have  l)een  observed  either  from  the  river  flood  or  tides,  with  the 
possible  exception  of  the  tidal  wells  at  Lille,  France  (p.  64.)  Certainly  there  is  no 
evidence  of  such  great  underground  caverns  l)etween  Lille  and  the  sea  as  this  rate  of 
transmission  would  require,  though  its  very  occurrence,  if  conclusively  proven,  would 
indicate  some  such  connection. 

FLTJOTTTATIOVB  DXnE  TO  A  PLASTIC  DEFORMATION  PRODXrOED  BT  YABYIHG  YOLUKES  OF 
WATER  GARRISS  BT  RIVERS. 

The  alternations  of  load  due  to  the  irregular  waves,  whose  crests  are  the  high-  an<l 
low-watt»r  stages,  which  are  constantly  passing  down  every  river,  produce  fluctna- 
tions  anagalous  to  those  produced  by  tides,  though  lacking  their  |>eriodic  (rharacter. 
They  resemble  also  the  sympathetic  fluctuations  produced  in  the  72-  and  504-foot 
wells  at  Lynbrook  due  to  variations  in  load  pro<luced  by  rainfall  and  thermometrie 
changes  (pp.  4^  58).  The  zone  in  which  these  fluctuations  will  be  distinctly  recognis- 
able will  be  limited  to  a  mile  or  two  in  the  immediate  vicinity  of  the  river. 

REFERENOEB  RELATIKO  TO  FLTJOTXJATIONB  OF  THE  WATER  IM  WELLS  PRODUCED  BT 

RIVERS. 

BrcKLAND,  Dr.    Mln.  Proo.  Inst.  Civil  Eng.  [vol.  2).  1842,  p.  159. 

Reports  thai  wells  in  Ixmdon  rise  in  a  lew  hours  alter  floods  at  Watford,  16  miles  distant 
Ci.i'TTERBrrK,  Jamks.    0^)serva(lons  on  the  periodical  drainage  and  replenishment  of  the  subterra- 
neous reservoir  in  the  chalk  ba.sin  of  London:  Min.  Proc.  Inst.  Civil  Eng.  [vol.  2J,  1842,  pp.  IW. 
158,  1843,  p.  162. 
Same  as  under  Buckland. 


«Siill>ach  (Baurathat  Dresden,  Saxony),  Experiences  had  during  the  lawt  twenty-five  years  xnlh 
WHicrworks  having  an  uiulcrKround  source  of  supply.  Trans.  Am.  .Soc.  Civil  Eng.,  vol.  30. 18W,  p8H- 

'•slu'hter.  CharlcH  s..  Ot>*»cr  vat  ions  on  the  ground  waters  ol  Rio  Grande  Valley;  Water-Sup.  and  In. 
PaiH*r  No,  141.  V.  S.  (icol.  .*^urvcv.  19()5.  p  27. 

<*Min.  Proc.  Iiibt.  Civil  Eng.,  1812.  pp.  158,  159.  1843,  p.  1(52. 
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Fuller,  Myron  L.    Notes  on  the  hydrology  of  Cuba:  Water-8up.  and  Irr.  Paper  No.  110,  U.S.Geol. 
Survey,  1906. 

Records,  on  p.  189,  fluctuations  of  spring  level  at  Vento,  Cuba,  due  to  changes  in  level  of 
Almendares  River,  evidently  acting  through  a  free  connection  of  large  size  in  the  limestone. 
Harris,  Gilbert  D.   Underground  waters  of  south  Louisiana:  Water-Sup.  and  Irr.  Paper  No.  101,  U.  8. 
Geol.  Survey,  1904,  p.  14;  Bull.  Louisiana  Geol.  Survey  No.  1, 1906,  p.  4. 
Discusses  effect  of  Mississippi  River  on  level  of  wells  along  Its  banks. 
Gerhardt,  p.    Der  Wasserbau,  vol.  1,  pt.  1,  3d  ed.,  1892,  pp.  48-49. 

Gives  Hess's  observations  on  Aller  River. 
Slighter,  Charles  S.    Observations  on  the  ground  waters  of  Rio  Grand  Valley:  Water-Sup.  and 
Irr.  Paper  No.  141.  U.S.Geol.  Survey,  1905,  pp.  18,25-28,30. 

Gives  observations  on  eflFect  of  outflow  from  river  on  ground-water  level  at  El  Paso,  Mesilla 
Park,  and  Berino. 

The  underflow  of  the  Arkansas  Valley  in  western  Kansas:  Water-Sup.  and  Irr.  Paper  No.  153, 

U.S.  Geol.  Survey. 

Gives  results  of  observations  on  the  influence  of  floods  in  ArkanstiM  River  on  the  water  level  in 
wells  at  Garden,  Sherlock,  and  Deerficld,  Kans..  in  the  summer  of  1904. 
Soyka,  Isidor.    Die  Schwankungen  des  Grand wassers:  Penck's  Geographischc  Abhandlungen,  vol. 
2,  pt.  3, 1888. 

Chapter  3,  "  Die  Beziehungen  des  Grundwawsers  zu  den  oberirdischen  Wasserl&ufen,"  contains 
an  excellent  discussion  of  middle  European  conditions. 
Thomassay,  Raymond.    Gdologie  pratique  de  la  Louisiane,  1860. 

Contains  an  entirely  fanciful  discussion  of  the  seepage  ot  the  water  from  Mi^ssippi  River. 
Todd;  James  K.    Geologjand  water  resources  of  a  portion  of  southeastern  South  Dakota:  Water-Sup. 
and  Irr.  Paper  No.  84,  U.S.  Geol.  Survey,  1900,  p.  29;  Bull.  South  Dakota  Geol.  Survey  No.  2, 1898, 
p.  116. 

Records  that  many  deep  wells  have  a  greater  discharge  when  Mis.*«)uri  River  is  high,  and  sug- 
gests that  the  increased  hydrostatic  pressure  checks  the  leakage. 
Veatch,  A.  C.    Geology  and  underground  water  resources  of  northern  Louisiana  and  southern 
Arkansas:  Prof.  Paper  U.  S,  Geol.  Survey  No.  46. 

Records  fluctuations  of  water  level  in  artesian  wells  at  Fulton,  Ark.,  agreeing  with  stages  of 
Red  River.  These  are  ascribed  to  pressure  of  river  water  acting  at  the  outcrop  of  the  water- 
bearing sands  In  river  bed  several  miles  from  the  town.  This  probably  is  a  case  of  transmitted 
pressure,  the  blue  clay  over  the  water-bearing  layer  acting  as  a  diaphragm  and  producing  fluctu- 
ations in  wells  near  the  river. 

FLUCTUATIONS  PRODUCED  BY  CHANGES  IN  LuAJCE  LEVEL. 

Variations  in  lake  levels  of  whatever  cause  profluce  fluctuations  of  the  level  in  wells 
along  their  shores  (1)  by  checking  the  rate  of  outflow  when  the  ground  water  is 
draining  freely  into  the  lake  and  (2)  by  transmitted  pressure  and  deformation  as  in 
ocean  tides  described  below.  The  pressure  of  deep-Heateil  waters  might  also  Vhj  slowly 
affected  by  the  weight  of  the  sediment  deposited  in  the  lake  beds.  This  would  tend 
to  equalize  itself  by  back  flow,  and  is  perhaps  a  factor  of  no  great  importance,  except 
when  considered  for  very  long  i)eriod8.  King  has,  however,  obtained  a  flow  artifi- 
cially by  ordinary  sedimentation  in  a  tank.« 

FLUCTUATIONS  PRODUCED  BY  VARIATIONS  IN  THE  OCEAN  LEVEL- 
TIDAL  WELLS. 

As  partially  indicated  in  the  references  on  page  67,  wells  and  springs  which  fluctuate 
with  the  tide  have  been  observed  on  nearly  all  coasts  and  under  many  different  geo- 
logic conditions.  These  fluctuations  are  produced  in  three  ways:  (1)  By  transmis- 
sion of  pressure  through  open  cavities  or  passageways  affording  a  free  communication 
between  the  wells  and  the  ocean;  (2)  by*  a  checking  of  the  rate  of  discharge  of  the 
normal  ground-water  flow  through  porous  bed^  freely  connecting  with  the  ocean; 
and  (3)  by  a  deformation  of  the  strata  due  to  the  alternate  loading  and  unloading  of 
the  tides.  Jn  this  last  case,  instead  of  leakage  being  an  important  factor,  as  it  is  in 
the  first  two,  the  fluctuations  are  greater  the  more  nearly  complete  the  separation  of 
the  oceanic  and.  ground  waters. 


a  Nineteenth  Ann.  Kept.  U.  S.  iJeol.  Survey,  pt.  2,  1h99,  pp.  79-m. 
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rLUOTTrATIOHB  PEODUOBD  BT  0EAXOX8  IV  BATI  07  OUTFLOW. 

The  first  two  classes  differ  more  in  the  rate  at  which  the  change  takes  place  and  the 
character  of  the  zone  of  influeni^  than  in  the  manner  in  which  it  is  produced.  If  the 
ocean  level  is  raised  the  first  effect  is  to  check  the  velocity  of  outflow;  but  before  any 
change  occurs  in  the  level  of  near-by  wells  it  is  necessary  that  water  accumulate  at  the 
|H)int  of  ol)Hervation  by  actually  flowing  in.  This  change,  then,  is  clearly  dependent 
on  the  same  factors  which  influence  the  rate  of  flow,  and  in  underground  cavems 
where  the  velocity  is  a  question  of  miles  per  day  this  accumulation  will  be  rapid, 
there  will  be  a  relatively  short  lag,  and  the  distance  from  the  shore  to  which  the  rise 
can  be  propagate*!  before  the  water  begins  to  fall  will  be  comparatively  great.  Its 
influence  will,  however,  be  restricted  to  wells  along  limited  lines,  following  the 
course  of  the  underground  |)assageway.  On  the  other  hand,  when  the  water  is  flow- 
ing through  the  interstices  of  porous  strata,  where  the  motion  is  one  of  feet  per  day 
instead  of  miles,  the  accumulation  will  be  slow,  the  lag  proportionately  greater,  and 
the  zone  of  influence,  while  not  extending  so  far  from  the  ocean,  will  perhaps  occupy 
a  larger  area,  because  of  its  uniform  distribution  along  the  coast  When  the  ocean 
level  falls  the  reverse  will  occur. 

Where  there  is  considerable  velocity,  as  in  a  cavernous  opening,  the  velocity  of 
outflow  retanls  the  effect  of  the  rising  tide  and  hastens  that  of  the  falling  tide  and 
there  is  then,  as  in  tidal  rivers,  a  greater  lag  at  low  than  at  high  water.  When  the 
outflow  is  slow,  s^  from  porous  beds,  the  velocity  is  not  sufficient  to  exert  a  very 
great  retarding  influence. 

The  fluctuations  in  jwrous  materials  along  the  seashore  are  clearly  the  same  in 
character  and  cause  as  those  occurring  under  similar  conditions  along  river  courses 
(see  p.  60),  and  the  same  great  time  lag  is  to  l>e  expected.  The  difference  is  only  in 
the  very  regular  periodic  nature  of  the  oceanic  fluctuations.  Nearly  all  the  shallow 
tidal  wells  noticed  along  the  seacoasts  belong  to  this  class.  Such  are  clearly  the 
tidal  wells «  reported  near  Bomlmy  and  along  the  Malabar  coast;  at  Barren  Island, 
in  the  Andaman  Sea;  at  Perim  Island,  in  the  Red  Sea;  at  South  Foreland  light-house, 
Kent;  the  shallow  wells  at  Seagirt,  N.  J.;  and  perhaps  the  wells  at  Newton  Nottage,. 
Glamorganshire,  Wales,  and  Chepstow,  Monmouth,  England.  At  Perim  Island,  in 
shallow  pits  at  a  distance  of  60  to  300  feet  from  the  shore,  the  lag  is  such  that  the 
high  water  in  the  wells  appears  to  agree  with  the  low  water  in  the  ocean.  A  similar 
lag  is  reported  in  a  well  14  feet  deep  and  400  feet  from  the  river  at  Chepstow.  At 
Newton  Nottage,  where  a  shallow  well  500  feet  from  the  ocean  was  observed  by  Man- 
dan,  the  lag  is  but  three  hours. 

Experience  has  shown  that  wells  which  are  sunk  entirely  in  porous  beds  near  the 
seacoast  should  have  their  Ix^ttoms  about  midway  between  high  and  low  tide;  if  they 
are  deeper  thert^  is  generally  an  infiltration  of  salt  water.  Such  wells  are  commonly 
dry  at  low  tide,  but  fretjuently  furnish  gocxl  supplies  of  fresh  water  at  high  tide,  at 
which  time  it  is  necessary  to  obtain  all  the  water  used  for  domestic  and  other  pur- 
poses. 

Wells  dependent  on  underground  cavernous  openings,  such  a8require<l  by  the  first 
case,  are  quite  rare.  The  fluctuations  of  the  Iceland  springs,  reported  by  Hallan  de 
Roucroy,  are  perhaps  coimectiKl  with  such  oi)en  fissures,  though  any  opinion  lnm\ 
the  data  prest»nted  is  but  a  hazard.  Perhajw  the  most  remarkable  occurrence  uf 
tidal  fluctuation  is  that  rei)orted  at  Lille  in  an  artesian  well  at  the  citadel.  These 
fluctuations,  which  amount  to  0.415  meter,  are  referred  by  Bailly  *  to  the  tides  of  the 
English  Channel,  30  miles  away,  with  a  time  lag  of  but  eight  hours.  The  only  basis 
on  which  these  fluctuations  can  now  be  explained  is  a  supposition  of  a  relatively 
oiKiu  connei!tion  between  the  well  and  tbe  ocean,  which,  it  must  be  admitted,  is  a 
very  unsatisfactory  hypothesis. 

a  See  references,  pp.  67-OB.  ^Comples  rendus,  vol.  14. 1W2,  pp.  81(Ma4. 
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TIDAL  TLUCTTTATIOKS  DT  WELLS  PBODTTOEI)  BT  PLA8TI0  DEFOBMATIOH. 

Besides  the  shallow  wells,  depending  on  ordinary  porous  surficial  beds,  there  are, 
along  and  near  the  seacoaat,  many  deep  artesian  wells  which  show  tidal  fluctuations. 
In  many  of  these  wells  there  are  c'early  no  underground  caverns  involved,  the 
water-bearing  beds  being  ordinary  porous  strata  in  which  the  water  flows  through 
the  small  interstices  at  a  rate  to  be  expressed  in  feet  rather  than  miles  per  day,  and 
in  which  accumulation  or  depletion  by  simple  flowage  will  be  correspondingly  slow. 
There  is,  moreover,  every  reason  to  believe,  in  some  cases  where  there  are  thick  clay 
beds  above  the  water-bearing  strata,  which  are  known  to  be  continuous  for  many 
miles,  that  there  are  no  near  snboceanic  outlets  of  importance.  In  case  there  is 
some  distant  outlet  it  is  evident  from  the  slow  rate  of  change  shown  in  the  examples 
given  above,  where  there  was  a  sudden  increase  or  decrease  in  the  volume  of  river 
water  (pp.  60,  61),  that  the  fluctuation  produced  by  a  simple  checking  or  hastening  of 
the  rate  of  outflow  could  be  propagated  but  a  short  distance?,  arid  that  a  long  period 
of  time  would  be  necessary  for  even  that. 

There  is,  however,  in  the  case  of  waters  under  artesian  head  a  new  factor  intro- 
duced which  is  of  very  great  importance.  The  pressure  of  the  artesian  water  exerted 
against  the  retaining  cover,  which  may  be  assumed  at  present  to  be  clay,  tends 
to  elevate  it,  thus  placing  the  clay  under  an  upward  stress.  The  addition  of  any 
weight  on  the  surface  tends  to  disturb  the  equilibrium.  If  there  is  no  outlet  and  the 
weight  is  applied  uniformly,  the  additional  weight  can  not  change  the  position  of 
any  portion  of  the  mass,  except  to  the  very  slight  degree  of  the  elastic  compressibility 
of  the  water  and  the  soil.  If,  however,  there  is  any  es<'ape  for  the  confined  water, 
such  as  would  be  afforded  by  a  well  tube,  the  mass  will  yield  and  the  water  l^e  forced 
up  in  the  tube.  Were  the  clay  layer  perfectly  elastic,  or  in  the  condition  of  a 
stretched  elastic  membrane  above  a  perfectly  mobile  body,  there  would  be  no  time  lag, 
and  the  water  in  the  well  would  exactly  follow  the  fluctuations  of  the  ocean  waters; 
but  the  clay  is  not  to  be  r^arded  as  an  elastic  diaphragm,  and  the  water-bearing 
sand  is  not  a  perfectly  mobile  body;  moreover,  for  such  a  deformation  to  be  felt  in 
a  well  water  must  be  transferred  from  one  point  to  another,  and  this  involves  a  time 
element.  The  deformation  is  essentially  a  plastic  one;  the  clay  yields  to  the  super- 
posed weight  and  the  water  is  lifted  in  the  w^ell,  but  if  there  were  no  pressure  from 
below  the  clay  could  not  return  to  its  original  position.  In  the  case  of  tides  along 
the  coast  only  the  portion  of  the  clay  layer  under  the  ocean  is  loaded,  and  that  load- 
ing is  a  progressive  one  from  a  distant  point  toward  the  shore.  The  effect  is  a  defor- 
mation in  which  the  clay  layer  is  depressed  under  the  ocean  and  elevated  under  the 
land.  When  the  weight  is  removed  the  artesian  pressure  tends  to  reestablish  the 
old  conditions  of  equilibrum,  and  the  clay  layer  is  lifted  under  the  ocean  and  sinks 
under  the  land. 

,  If  the  artesian  pressure  is  high,  compared  with  the  tide  when  the  ocean  water  com- 
mences to  fall  after  high  tide,  this  pressure  lifts  the  clay  quickly  and  thus  tends  to 
shorten  the  high-tide  lag  in  a  near-by  well;  as  the  tide  falls  the  high  pressure  enables 
the  clay  to  follow  the  tide  closely;  at  low  tide  the  artesian  pressure  is  clearly  in  the 
ascendancy  and  the  clay  still  rising  in  the  ocean  area.  As  the  tide  begins  to  rise  it 
must  overcome  this  artesian  pressure  before  any  deformation  occurs,  and  the  rising 
curve  in  the  well  therefore  lags  more  behind  the  tide  than  the  falling  curve.  Under 
such  conditions  the  high-tide  lag  is  less  than  the  low-tide  lag.  Conversely,  when  the 
artesian  pressure  is  low  compared  with  the  tide,  at  high  tide  the  feeble  artesian  pres- 
sure but  slowly  lifts  the  clay  weight  and  the  lag  is  long;  at  low  tide,  when  the  clay 
diaphragm  is  high,  the  greater  tidal  weight  quickly  overcomes  the  feeble  resistance  of 
the  artesian  water  and  the  lag  is  short;  it  may  then  happen  that  the  low-tide  lag  will 
be  less  than  the  high-tide  lag.«    It  is  evident  that  between  the  two  extremes  thus 


aThls  plastic  deformation  nhould  not  be  confused  with  the  elastic  deformation  of  the  earth  which 
Darwin  has  considered  in  his  calculations  of  the  efTect  of  tides  on  seacoasls.    He  assumes  that  the 
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indicate<l  there  are  all  possible  variations,  and  that  the  thickness  and  plasticity  of  the 
beds  alM>ve  the  water-l)earing  layers  are  important  modifying  factors.  The  fluctua- 
tion in  a  well  in  such  cases  does  not  furnish  an  exact  measure  of  the  amount  of 
deformation;  it  funiishes  only  a  fair  indication  of  the  variation  in  preasure  at  the 
particular  point  at  which  the  well  is  sunk. 

The  maximum  effect  is  felt  at  the  seacoast  near  low-tide  mark  and  gradually 
decreases  inwanl,  disap[)earing  in  a  few  miles.  It  is  less  if  there  is  leakage  from  sub- 
ocean  spring?,  for  in  such  ca.«e8  the  e8caj)e  of  the  water  decreases  that  available  for 
the  elevation  of  the  water  in  the  tube. 

On  Long  Lsland  the  tidal  fluctuations  observed  in  the  wells  at  Huntington,  Oyster 
Bay,  Long  Beach,  and  Douglaston  are  clearly  of  this  character,  all  depending  more 
on  the  deformation  of  the  overlying  layer  through  tidal  load  than  on  changes  of  dis- 
charge in  leakage.  At  Huntington  (p.  10),  Oyster  Bay  (p.  13),  and  Douglafton 
(p.  25)  the  lag  is  greater  at  low  than  at  high  tide,  as  would  be  expected  from  the 
great  head  and  shallow  depths,  while  at  Long  Beach,  where  the  head  is  low,  the 
water-bearing  sand  fine,  and  the  thicknejs  of  overlying  strata  great,  the  reverse  is 
true  (p.  19).    The  Oyster  Bay  observations  give  the  following  values: 

Summary  of  observalioTis  on  tidal  welU  at- Oyster  Bay,  N,  Y, 


Well. 

Depth. 

Distance 
from  ordi- 
n.rjrh.Kh 

Low-water  High-water 
lag.       1       lag. 

Casino 

Feet. 
93 
155 
188 
114 

Feet. 

In  water. 

50 

100 

500 

Minute*. 
12.6 
83.4 
58.0 
75.6 

Jiinuit*. 

8.0 

Burgess 

24.7 

Lee 

42-0 

Underhill 

71.8 

It  will  be  noticed  that  the  lag  here  increased  with  the  distance  from  the  shore, 
and  that  the  low-water  lag  increased  more  rapidly  with  depth  than  the  high-water 
lag.  The  cause  of  the  very  small  difference  between  the  high-  and  low-w^ater  lags  in 
the  Underhill  well,  the  one  farthest  from  the  shore,  is  not  clear,  but  it  is  apparently 
relate<l  to  the  le&sening  of  the  tidal  influence  with  the  increasing  distance. 

The  Long  Beach  well  is  affected  both  by  the  tide  in  the  ocean  and  in  the  channels 
behind  it,  the  curve  being,  as  would  Ije  expected,  a  simple  resultant  of  the  two 
stresses.  Because  of  the  shallow  bars  at  the  openings  the  irregularity  in  the  height 
of  the  inner  low  tide  is  less  than  in  the  ocean,  and  the  effect  of  this  difference  is 
shown  in  the  greater  regularity  of  the  low-tide  heights  in  the  well  than  in  the  ocean 
(PI.  IV,  p.  20).  Here  the  high-tide  lag  is  one  hour  and  nineteen  minutes  and  the 
low-tide  lag  forty  minutes,  when  compared  with  the  ocean,  while  compared  with  the 
tide  behind  the  bar  the  high-tide  lag  is  practically  nothing  and  the  low-tide  lag  is 
nearly  two  hours. 

To  this  same  class  belong  nearly  all  the  deep  artesian  wells  along  the  seacoast 
which  fluctuate  with  the  tide.  The  phenomenon  observed  is  the  result  of  actual 
deformation,  and  the  occurrence  of  tidal  fluctuations  in  deep  wells  does  not,  as  has 
been  commonly  supposed,  prove  a  connection  between  the  water-bearing  strata  and 
the  ocean.     Examples  of  this  type  are  afforded  by  the  deep  wells  along  the  New  Jer- 


earth  has  an  elasileily  equal  to  twice  that  of  the  siiffest  gla.sa.  and  the  elastic  compression  produced 
by  loading  a  sphere  ol  such  material  of  the  same  size  as  the  earth  with  a  tide  of  5  feet  iscakulaied 
on  the  supposiiion  that  ihe  ocean  Is  in  the  shape  ol  a  narrow  canal.  According  to  this  the  tide*  on 
the  Atlantic  ctmvi  niay  cauve  the  hind  to  rise  and  fall  as  much  88  5  inches.  See  Darwin,  (i.  H..  On 
variatu»n.s  m  the  vertical  due  to  elasiicitv  of  the  earth's  surlace:  Brit.  Assoc.  Rept.,  18K2.  p.  388.  Phil. 
Mas  .  5ih  ser.,  vol.  H,  1K8J  pp.  109-427.  The  Tides.  Boston  and  New  York  1«9S,  pp.  139-14S,  quoted 
by  Milne,  J.,  Nature,  vol.  38.  1883,  p.  367.  Seismology,  London,  1898,  pp.  '236-237. 
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sey  coast,  the  wells  at  Pensacola,  Fla.,  the  deep  wells  at  Greenwich  Hospital,  Lon- 
don, and  the  wells  along  the  Lincolnshire  and  Yorkshire  coasts. 

8helfonl«  has  presented  a  very  clear  diagram  of  the  conditions  on  the  Lincolnshire 
coast.  This  shows  overflow  springs  occurring  at  the  top  of  a  jwrous  layer  and  the 
base  of  an  impen'ious  one,  and  the  relation  between  onlinarj'  overflowing  and  tidal 
wells,  all  depending  on  the  same  strata.  Here,  a.«  is  almost  universally  the  case,  the 
tidal  wells  occur  only  on  the  shore,  and  the  wells  2  and  3  miles  inland  are  not 
affec!te<l.  In  explaining  the  phenomenon  Shelford  8upi>osed  that  the  water  found 
an  outlet  in  Silver  Pit,  a  deep  hole  in  the  ocean  bed  about  18  miles  from  the  coast, 
which  he  has  represented  in  his  drawing  as  the  ground-water  outlet,  and  that  changes 
in  level  in  the  discharge  prwluced  the  tidal  fluctuations.  Such  a  simple  change  in 
the  rate  of  discharge  could  affect  the  wells  18  miles  distant  only  if  there  were  a  large 
open  cavernous  connection.  That  there  is  no  such  cavern  is  shown  by  the  fact  that 
the  effect  diminishes  very  rapidly  in  passing  inland,  entirely  dying  out  in  2  miles. 
There  is  no  reason  why  the  effect  should  be  propagated  18  miles  to  the  coast  and  then 
suddenly  cease,  when  tidal  wells  of  the  same  character  i)enetrating  a  thick  clay  bed 
and  obtaining  water  in  the  upper  porous  layer  of  the  chalk  occur  along  the  whole 
Lincolnshire  and  Yorkshire  coast.  In  many  cases  springs  near  the  coast,  deriving 
their  supply  from  the  water  beneath  the  clay,  are  likewise  tidal.  The  cause  of  this 
phenomenon  in  the  Bridlington  Quay  wells,  Yorkshire,  was  correctly  given  by  Inglis 
in  1817.  He  recognize<l  in  the  clay  layer  a  moving  diaphragm  affected  by  the  tidal 
pressure  from  above  and  the  artesian  pressure  from  >)elow. 

EEFEBEirGES  RELATIHO  TO  TIDAL  FLUOTTrATIONS  DT  WILLS  AHD  8FRIH 08. 

Anonymous.    London  Athenajum,  August,  1860;  Jour.  Franklin  Inst.,  vol.  72, 1861,  pp.  309-310. 

States  that  tides  In  wells  near  the  sea  are  universal,  and  records  their  occurrence  about  Bom- 
bay and  along  the  Malabar  coast  wherever  the  material  dug  through  is  porous.  Wells  dug  in 
trap  rock  are  not  tidal. 
Bailly.  JElapport  sur  les  variations observ^es  dans  la  d^pense  du  puits  art^sien  dc  I'hdpital  militaire 
de  Lille  et  dans  les  hauteurs  de  la  colonne  d'eaii  quand  on  a  interrompu  I'^coulement:  Comptes 
renuns,  vol.  14, 1S42,  pp.  310-314. 

Gives  observations  showing  that  fluctuations,  having  a  range  of  0.415  meter,  are  clearly  tidal 
and  occur  eight  hours  behind  the  tide  on  the  adjacent  coast  between  Dunkerque  and  ('alais. 
Reports  that  tidal  wells  also  occur  at  Noyelle-eur-Mer,  D4partement  de  la  Somme,  and  at  Pul- 
ham,  London,  England. 
Braithwaite,  Fredrick.    Min.  Proc.  Inst.  Civil  Eng.,  vol.  9, 1850,  p.  1G8;  vol.  14, 1855,  pp.  507-622. 
"At  Greenwich  Hospital,  London,  the  land  springs  ebb  and  flow  2  feet  6  inches,  the  sand 
springs,  3  feet,  and  the  chalk  springs,  4  feet  6  inches  every  tide."    The  total  depth  of  the  chalk 
well  referred  to  is  149  feet. 
Christie,  Jambs.    A)ur.  Franklin  Institute,  vol.  101, 1901,  p.  198. 

Reports  fresh-water  well  near  shore  which  fluctuates  with  the  tide. 
Clutterbuck,  James.    Min.  Proc.  Inst.  Civil  Eng.,  vol.  9,  1850,  p.  170. 

Explains  tidal  fluctuation  In  wells  on  basis  of  leakage  between  high-  and  low-tide  marks. 

Min.  Proc.  Inst.  Civil  Eng.,  vol.  14,  1855,  pp.  510-511. 

Wells  at  Ramsgate,  England,  are  sunk  to  half-tide  level.  These  begin  to  fall  at  half  tide,  are 
dry  at  low  tide,  and  t>egin  to  rise  at  half  tide  on  the  flood. 

Mm.  Proc.  Inst.  Civil  Eng.,  vol.  19, 1860,  p.  83. 

Reports  that  wells  at  Portsmouth,  England,  are  tidal,  and  concludes  that  this  proves  a  firee 
connection  with  the  sea. 
DBBAoruERS,  Rev.  J.  T.    An  attempt  to  account  for  the  rising  and  falling  of  the  water  of  some 
ponds  near  the  sea,  etc.    Trans.  Phil.  St)c.  London,  No.  384,  vol.  33,  1724,  p.  132;  Trans.  Phil.  Soc. 
London  from  1665-1800  (abridged),  vol.  7, 1809,  pp.  89-41. 

Reports  well  at  Greenhlthe  in  Kent,  between  London  and  Gravesend,  which  appears  to  fluctu- 
ate inversely  with  the  tide.    This  he  explains  by  Imagintiig  a  natural  siphon. 
Douglas.  Jambs  Nichols.    Min.  Proc.  Inst.  Civil  Eng.,  vol.  47, 1879.  p.  88. 

Chalk  well  at  South  Foreland  light-house,  Kent,  Engfand,  283  feet  from  face  of  cliff,  280  feet 
deep,  with  bottom  level  with  half  tide,  has  a  peculiarity  common  to  many  wells  of  this  region  In 
that  It  Is  dry  at  low  tide  and  filled  with  pure  spring  water  at  high  tide. 


aShelford.  W..  Min.  Proc.  Inst.  Civil  Eng.,  vol.  90,  1887.  p.  69. 
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Frazbr,  Persipor.    Notes  on  fresh-water  wells  of  the  Atlantic  beach:  Jour.  Franklin  Inst.,  1890,  vol. 
130,  p.  231. 

Reports  well  at  Sea  Girt,  N.  J.,  20  feet  deep,  which  rises  and  falls  with  tide  in  ocean  150  feet 
distant. 
Hallan  de  RorcROY.    Comptes  rendns,  vol.  12, 1841,  pp.  1000-1001. 

States  that  well  at  Lille,  France,  shows  tidal  fluctuations. 
Hutton,  Capt.  F.  W.    Trans,  and  Proc.  New  Zealand  Inst.,  1895,  vol.  28, 1896,  p.  655. 

States  that  artesian  wells  at  New  Brighton  are  affected  by  the  tide. 
iNGLis,  Gavin.    On  the  cause  of  ebbing  and  flowing  springs  [at  Bridlington,  Yorkshire]:  Phil.  Mag^ 
vol.  50,  1817,  pp.  81-83. 

"  When  the  recess  of  the  ocean  lessens  the  pressure  upon  the  upper  surface,  the  hydraulic  pres- 
sure on  the  under  stratum  must  raise  the  whole  mass  in  proportion  as  the  force  is  saperior  to  the 
resistance.    The  return  of  the  tide  brings  with  it  the  weight  and  altitude  of  its  mass  of  water  and 
acts  on  the  flexibility  of  the  clay  as  a  pressure  would  on  a  hydraulic  blowpipe." 
King,  Franklin  H.    Fluctuations  in  the  level  and  rate  of  movement  of  groundwater:  Bull.  U.S. 
Weather  Bureau  No.  5.  1892,  pp.  52-63. 
Suggests  that  tidal  fluctuations  may  be  produced  in  wells  by  coastal  deformation. 
Mandan,  H.  G.    Note  on  ebbing  and  flowing  well  at  Newton  Nottage  [Glamorganshire,  Wales] :  Aha. 
Prop.  Geol.  Soc.  London,  1898,  pp.  85-86;  Nature,  vol.  58,  1898,  pp.  4.^46. 
iShallow  well  500  yards  from  shore  ebbs  and  flows  with  the  tide:  lag  about  three  hours. 
liALLET,  F.  R.    Ebbing  and  flowing  wells:  Nature,  vol.  58, 1898,  p.  104. 

Shallow  wells  In  volcanic  ash  on  Barren  Island.  Andaman  Sea,  show  tidal  fluctuations  clearly 
4ue  to  retardation  of  leakage. 
McCallie,  8.  W.    A  preliminary  report  on  the  artesian-well  systems  of  Georgia:  Bull.  Geol.  Survey 
Georgia  No.  7, 1898,  p.  112. 

Reports  three  artesian  wells  at  Tybee  Island,  near  Savannah,  Ga.,  240  feet  deep,  one  of  which  is 
affected  by  the  tide. 
Moore,  H.  C.    A  well  intermitting  inversely  with  the  ebb  arid  flow  of  the  tide:  Trans,  Woolhope  Nat- 
uralists Field  Club,  1892,  pp.  23-24;  Jour.  Manchester  Geol.  Soc.,  vol.  10, 1894,  pp.  228-^4. 

Well  at  Chepstow,  Monmouth,  fluctuates  inversely  with  the  tide.    Shallow  pits  on  Perlm  Island, 
Straits  of  Bab  el  Mandeb,  Red  Sea,  20  to  100  yards  from  shore,  are  full  of  fresh  water  at  low  tide, 
empty  at  high  tide;  explained  on  basis  of  time  required  for  flltration. 
Pearson,  Rev.  W.    Observations  on  some  remarkable  wells  near  the  seacoast  at  Brighthelmstone 
and  other  places  contiguous.    Jour.  Nat.  Phii.  Chem.  Arts,  vol.  8, 1802,  pp.  65-69. 

States  that  shallow  wells  at  Brighton  fluctuate  with  the  tide,  but  with  a  lag  of  two  hoars.    He 
ascribes  the  fluctuation  to  retardation  of  leakage. 
Puny  the  Elder.    (Caius  Plinius  Secundus.)    Historia  Naturalis,  lib.  2,  cap.  106:  (Pliny's  Natural 
History,  Bostock  and  Riley's  translation,  vol.  1,  1887,  pp.  134-185). 

"  There  is  a  small  island  in  the  sea  opposite  the  river  Timavus.  containing  warm  springs  whidi 
increase  and  decrease  at  the  same  time  with  the  tide  of  the  sea." 
RivifcRE.    Comptes  rendus,  vol.  9, 1839,  p.  553. 

Spring  at  Glvre,  canton  Montiers-les-Maux,  fluctuates  with  tide. 
Robert,  E.    Comptes  rendus,  vol.  14, 1842,  pp.  417-418. 

Reports  that  springs  near  Buder,  Olafsen,  and  Paulsen,  Iceland,  ebb  and  flow  with  the  tide. 
Roberts,  Isaac.    On  the  attractive  influence  of  the  sun  and  moon  causing  tides  ...  in  the  nnder> 
ground  water  in  i>orous  strata^  Rept.  Brit.  Assoc.,  1883,  p.  405;  see  also  Proc.  liverpool  Qeol.Soc, 
vol.  4,  pt.  3,  1881,  pp.  23^-236. 

Reports  that  in  a  well  sunk  in  Triassic  sandstone  in  which  the  water  rose  60  feet  above  sea  level, 
aut(^raphic  records  showed  solar  and  lunar  tides.    (See  p.  69.) 
Shelford,  W.    Min,  Proc.  Inst.  Civil  Eng.,  vol.  90, 1887,  p.  68. 

Describes  wells  200  feet  deep,  on  the  North  Sea,  near  Louth.  Lincolnshire,  which  fluctuate  8 
feet  with  spring  tides. 
Sinclair,  W.  F.    Ebbing  and  flowing  wells:  Nature,  vol.  58, 1898,  p.  52. 

Describes  well  at  Alibag,  near  Bombay,  in  sand  dunes  about  25  yards  from  high-tide  mark, 
which  fluctuated  with  the  tide  after  heavy  rains  when  the  ground  water  level  was  high.  Tide 
in  well  occurred  later  than  that  in  ocean. 
Storer,  Dr.  John.  On  an  ebbing  and  flowing  stream  discovered  by  boring  in  the  harbor  of  Brid- 
lington [Yorkshire]:  Phil.  Trans.,  vol.  106,  pt.  1,  1815,  pp.  54-69;  Phil,  Mag.,  vol.  45, 1815,  pp.  482- 
436. 
S.,  W.    On  ebbing  and  flowing  springs:  Phil.  Mag.,  vol.  50, 1817,  p.  267. 

States  that  wells  near  Hull  under  conditions  similar  to  those  at  Bridlington  are  not  tidal. 
Trautwine,  J.  C,  jr.    Jour.  Franklin  Inst.,  vol.  51, 1901,  pp.  193-194. 

Explains  tidal  wells  on  basis  of  free  discharge  in  ocean,  as  from  an  open  tube;  changes  in  pre*- 
sure  at  discharge  change  water  level  in  wells  as  if  they  were  piezometers  along  a  conduit 
Tribus.  L.  L.    Trans.  Am.  Soc.  Civil  Eng.,  vol,  30,  1893,  p.  695. 

Mentions  tidal  fluctuations  in  wells  at  Pensacola.  Fla.,  Ih  miles  from  the  shore  front,  4  to 6 
inches  in  diameter,  and  from  60  to  280  feet  deep.    Water  rises  16  to  17  feet  above  sea  level  and 
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fluctuatefl  6  lo  10  inches  daily  with  the  tide.  He  supposes,  therefore,  that  they  tap  subterranean 
rivers  which  have  free  connection  with  the  ocean.  Note:  The  tides  at  Pensacola  are  rather 
irregular,  with  a  small  semidiurnal  and  large  diurnal  value,  and  it  is  quite  possible  that  a  portion 
of  the  fluctuation  observed  is  due  to  barometric  and  therraoraetric  changes. 

Vermecle,  C.  C.    Water  supply  for  wells:  Ann.  Rept.  New  Jersey  Geol.  Survey  for  1898,  1899,  p.  163. 
States  that  many  wells  along  the  coast  of  New  Jersey  show  tides  corresponding  in  period,  but  not 
in  time  of  occurrence,  with  the  tides  of  the  ocean,  and  with  a  <imaller  range. 

Wood.  James  G.    Jour.  Manchester  Geog.  Soc.,  vol.  10, 1894,  pp.  287-239:  Abs.  Proc.  Geol.  Soc.  London, 
1898,  p.  86. 

Reports  well  near  that  described  by  H.  C.  Moore  (see  above),  and  suggests  that  well  is  fed  by 
water  coming  along  fault,  which  passes  under  the  river;  that  at  high  tide  this  fault  is  closed, 
cutting  off  supply,  and  at  low  tide  opens  again,  allowing  an  influx;  and  that  therefore  well  fluctu- 
ates inversely  with  tide.  (Note:  A  simple  leakage  would,  on  account  of  slow  propagation  of 
change,  explain  the  phenomena  quite  as  well,  and  more  naturally.) 

WooLMAN,  Lewis.    Artesian  wells  in  New  Jersey:  Ann.  Rept.  New  Jersey  Geol.  Survey  for  1898, 1899, 
pp.  76,  78,  79. 

Records  that  the  height  of  water  In  many  artesian  wells  along  the  New  Jersey  coast  fluctuates 
with  the  tide.  At  Ventor  fluctuations  were  noted  in  a  well  813  feet  deep,  which  had  a  range  of 
7j  to  lAk  inches,  and  a  lag  of  approximately  forty-five  minutes.  Similarly  at  Avalon,  in  a  well  925 
feet  deep,  the  fluctuation  observed  had  a  range  of  from  10|  to  loj  inches. 

Young,  Rev.  G.  and  J.  Bird.    A  Geological  Survey  of  the  Yorkshire  Coast.    4°.    Whitby,  1822;  2d  ed., 
1828. 
Ebbing  and  flowing  springs,  Bridlington,  pp.  22-24:  intermittent  springs,  pp.  27-28. 

TIDES   IN   THE    GROUND    WATER   PRODUCED    BY    DIRECT   SOLAR  ANI> 

LUNAR   ATTRACTION. 

The  ground  water  has  not  an  extended  level  surface  like  the  ocean,  where  the 
tides  range irom  nothing  to  50  feet,  or  even  the  Great  Lakes,  where  the  tidal  fluctua- 
tion is  but  a  few  inches.  The  ground-water  table  is  comparatively  level  only  over 
areas  which  are  but  a  fraction  of  the  size  of  the  Great  Lakes,  and  direct  ground- 
water tides  would  be  of  extremely  small  size.  It  seems  quite  unlikely,  therefore, 
that  the  fluctuations  in  the  Maghull  (Liverpool)  well  are  due  to  direct  solar  and 
lunar  attraction,  as  Roberts <*  suggests,  but,  as  King*  has  already  pointed  out,  are 
rather  to  be  ascribed  to  the  action  of  the  ocean  tides  on  the  near-by  coast. 

FLUCTUATIONS  DUE  TO  GEOLOGIC  CAUSES. 

In  regions  of  abundant  rainfall  the  ground-water  table  is  but  a  subdued  reflection 
of  the  surface  topography,  and  any  changes  in  the  topography  will  therefore  change 
the  position  of  the  ground-water  table.  If  ^  stream  valley  is  filled  by  sedimentation, 
the  ground  water  is  raised  over  the  whole  tributary  area  up  to  the  ground-water 
divide;  if  the  stream  valley  is  eroded,  the  water  level  is  in  like  manner  lowered. 
Similarly,  if  a  lake  is  produced  by  a  landslip  or  destroyed  by  the  erosion  of  its  outlet, 
or  the  ocean  level  is  changed  by  orographic  movements,  the  ground-water  tablelike- 
wise  is  changed.  To  these  broad  generalizations  certain  exceptions  are  to  be  men- 
tioned. If  a  river  is  intrenched  in  an  impervious  layer  overlain  by  porous  strata,  it 
is  evident  that  the  position  of  the  impervious  bed  in  the  bank,  when  the  water  level 
in  the  river  is  below  it,  is  the  factor  which  determines  the  position  of  the  ground- 
water table.  A  stream  may  thus  lower  its  bed  without  affecting  the  adjacent  ground 
water.  Examples  of  this  kind  are  found  in  the  Isar  at  Munich  and  the  Salzach  at 
Salzburg,  both  of  which  have  deepened  their  beds  in  recent  times,  due  to  regulating 
works,  without  lowering  the  adjacent  ground  water,  because  the  deepening  was 
entirely  in  impervious  material.  <? 

Solution  and  deposition  by  percolating  waters  may  cause  a  gradual  depression  or 
elevation  of  the  water  level;  solution,  by  increasing  the  porosity  and  consequent  rate 
of  flow,  will  enable  quite  a  quantity  of  water  to  escape  along  certain  lines  and  so  lower 
the  water  level;  deposition,  in  an  opposite  way,  will  raise  it. 

a  Roberts.  Isaac.  Rept.  Brit.  Assoc.  1883,  1884.  p  405. 

6  King.  Franklin  H..  Bull.  U.  S.  Weather  Bureau  No.  5.  1892.  p.  64. 

tfSoyka,  Penck's  Geograpbische  Abhandluugen,  vol.  2,  pi.  8,  Wien.  1888,  pp.  60,  63. 
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In  regions  where  the  rainfall  is  low  and  the  ground-water  table  is  below  the  level 
of  the  rivers  changes  in  tojn^graphy  naturally  have  little  effect,  except  where  the 
erosion  is  sufficient  to  cut  the  ground-water  table.  Generally  in  such  regions  the 
rivers  contribute  to  the  ground  water  by  seepage,  and  the  amount  so  contributed 
becomes  small  when  the  conditions  are  favorable  for  the  deposition  of  silt  witli  which 
the  rivers  plaster  up  their  l)eds.  During  flood  periods  the  rivers  scour  out  the  silt 
and  again  allow  the  percolation  of  water. 

Earthcjuakcs  may  produce  fluctuations  due  to  several  causes:  Small  fluctuations 
may  result  directly  from  the  earth's  tremors;  a  deformation  without  faulting  may 
pnxhice  changes  in  pressure;  and  faulting  may  make  new  ground-water  outlets  which 
will  cause  the  water  in  neighboring  wells  to  rise  or  fall  according  to  their  relation  to 
the  faulting. 

Geyser  phenomena  may  produce  both  periodic  and  irregular  fluctuations  of  the 
water  level,  and  Slichter  has  suggested  that  the  peculiar  periodic  fluctuations  at  Uri- 
sino  Station,  New  South  Wales  (p.  76),  may  be  due  to  such  a  cause. 

In  this  connection  it  may  be  well  to  refer  to  the  hypothetical  siphon,  or  Tantalus- 
cup  arrangement,  which  the  old  philosophers  gave  as  an  explanation  of  intermittent 
springs, «  a  theory  which  has  survived  in  Houston's  Physical  Geography,  a  work  still 
used  in  thte  high  schools  in  some  parts  of  this  country.  ^  From  a  geologic  stand- 
point the  existence  of  such  a  siphon  arrangement  as  this  theory  postulates  may  be 
regarded  as  almost  impossible  because  of  the  difficulty  of  finding  an  air-tight  paasage. 
The  fluctuations  are  now  known  to  be  due  in  many  cases  to  causes  not  understood  at  the 
time  this  hypothesis  was  advanced,  and  in  the  light  of  our  present  knowledge  an 
intermittent  spring  depending  on  a  natural  siphon  for  its  action  would  be  regarded 
as  a  most  exceptional  phenomenon.  It  would  he  necessary  to  do  more  than  prove 
that  a  spring  or  well  eb])s  and  flows  to  establish  the  existence  of  such  a  siphon. 

FLUCTUATIONS  PRODUCED  BY  HUMAN  AGENCIES. 

EFFECT   OF    SETTLEMENT,    DEFORESTATION,    AND    C^ULTIVATIOX    OX 
THE  LEVEL  OF  WATER  IN  WELLS. 

It  is  well  known  that  many  hillside  springs  throughout  the  entire  eastern  United 
States  which  furnished  water  when  the  country  was  first  settled  are  now  dry,  that 
large  areas  of  former  marsh  land  are  now  in  cultivation,  and  that  streams  on  which 
boats  plied  in  the  early  days  are  no  longer  navigable.  The  rainfall  records  do  not 
indicate  that  there  have  l)een  any  radical  climatic  changes,  and  the  changes  are  clearly 
the  result  of  human  occupation.  <^ 

Part  of  this  is  due  to  the  fact  that  large  areas  have  been  artificially  drained  by 
tiles,  ditches,  'or  absorption  pits;  beaver  dams  and  other  stream  obstructions,  such  as 
the  Great  Red  River  Raft,  have  been  removed,  with  the  consequent  drainage  of  greater 
or  less  areas/^  Some  of  the  hillside  springs  have  merely  been  buried  as  the  soil 
washed  in  from  the  surrounding  lands,  while  others  have  been  affected  by  the  drainage 
of  the  lower  lands. 

Different  kinds  of  vegetation  u.se  different  amounts  of  water  *'■  and  affect  the  surface 

a  See  Regniuilt,  P^re,  Phil.  €onverj»tion»,  vol.  2,  oonveraation  6;  Dechales,  Tract.  17  do  Fontibns 
Natunilibus,  etc.:  Desaguliers,  Rev.  J.  T.,  Trans.  Phil.  Soc.  London.  No.  884,  vol.  9^  1724  (nbridged 
edition  Trans.  1665-1800.  vol.  7,  pp.  81M1):  Alwell,  Joseph,  TranH.  Phil.  Soc.  London,  No.  424,  vol.  87, 
1732  (abridged  edition  Trans.  1665-1800.  vol.  7,  pp.  544-555). 

b  For  a  more  recent  suggestion  of  the  same  theory,  see  Knightly,  T.  E.,  G«ol.  Mag.,  n.  s.,  decade  4, 
vol.  5.  1898,  pp.  333-334. 

cSee,  in  this  connection,  King,  Franklin  H..  Bull.  U.  S.  Weather  Bureau  No.  5, 1892,  p.  42;  Lane, 
Alfred  C,  Water-Sup.  and  Irr.  Paper  No.  30,  U.  S.  Geol.  Survey,  1899,  pp.  54-56. 

dprof.  Paper  U.  S.  Geol.  Sur\'ey  No.  46, 1906. 

<The  literature  on  the  amount  of  water  transpired  from  plants  and  evaporated  from  the  earth 
under  difTerent  conditions  is  very  exten-^ive,  but  the  results  are  neither  readily  comparable  nor 
readily  applicable  to  natural  conditions,  beiause  of  the  differing  and  in  many  cases  unnatural  condi- 
tions under  which  thc^^e  experiments  have  been  tried.  For  a  review  of  the  literature,  see  Harrington, 
M.  W..  Review  of  forest-meteorology  observations,  and  Fcrnow,  B.  E.,  Relation  of  forest  to  wtta* 
supjily:  Bull.  Bureau  of  Forestry.  I'.  S.  Dent.  Agrlc.  No.  7.  1873:  Lueger,  Otto,  Die  Waseerversorgung 
der  .Stiidte:  Der  stadtische  Tiefbau,  Bd.  11,  pp.  176-177,  196-2a'>,  bibliography,  pp.  143-161:  Wollny, 
Ewald.  Expt.  Station  Record,  vol.  4,  1893.  pp.  531-533;  King,  F.  H.,  The  Soil,  New  York,  W95,  Drainage 
and  Irrigation,  New  York,  1899. 
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evaporation  in  different  ways,  and  a  change  in  the  plant  covering  or  crop  over  large 
areas  may  clearly  result  in  a  broad  elevation  or  lowering  of  the  water  level.  Simi- 
larly, certain  methods  of  cultivation  conserve  more  moisture  than  would  find  its  way 
into  the  ground  under  certain  natural  conditions,  while  others  allow  large  quantities 
to  flow  off  the  surface.  Fertilizers  and  manures  affect  the  rate  of  percolation  in  dif- 
ferent ways;  some  greatly  hasten  and  others  retard  the  percolation  of  the  soil  water. 
The  relation  of  cultivation  to  the  position  of  the  ground  water  is  therefore  very  com- 
plex, and  it  is  clearly  possible  to  have  different  results  on  adjacent  fields.  In  regard 
to  the  effect  of  forested  areas  on  percolation  it  should  be  pointed  out,  on  the  one 
hand,  that  (1)  a  jwrtion  of  the  rain  water,  varying  from  8.5  to  59  per  cent**  of  the 
yearly  rainfall,  is  caught  in  the  crowns  of  the  trees  and  is  evaporated  without  reach- 
ing the  ground;  (2)  the  absorption  capacity  of  the  forest  litter  and  moss  is  great,  and 
water  can  be  contributed  to  the  ground  water  only  after  this  is  saturated;  while  the 
evaporation  from  this  surface  is  slow,  it  is  to  be  considered  evaporation  from  a  satu- 
rated surface,  and  the  net  result  may  be  greater  than  from  a  region  where  the  water 
sinks  rapidly  into  the  ground;  (.3)  the  old  litter  or  humus  is,  according  to  the  experi- 
ments by  Riegler,  Ebermeyer,  and  Wollny,  practically  impervious,  and,  while  the 
fresh  litter  may  absorb  large  quantities  of  water,  the  impervious  humus  or  rotted  lit- 
ter prevents  the  water  from  reaching  the  ground  water;  (4)  the  roottf  of  the  trees  in 
some  cases  draw  from  ground  water  that  is  entirely  out  of  the  reach  of  ordinary  field 
plants.  Moreover,  the  direct  observations  of  Ototzky  *  and  Henry  and  Tolsky  ^  yield 
the  positive  result  that  in  Russia  and  France  the  level  of  the  ground  water  is  decidedly 
lower  under  forests  than  under  cleared  land.  The  results  of  Ototzky' s  observations 
are  summarized  in  the  Experiment  Station  Record  in  the  following  words: 

This  is  a  translation  from  the  Russian  giving  the  results  of  a  hydrological  survey  in  the  steppes 
region.  The  conclusion  is  reached  that,  physico-geographical  conditions  being  the  same,  the  level 
of  ground  water  is  lower  in  forests  than  in  adjacent  steppes  or  in  general  in  neighboring  open  spaces. 
The  level  falls  as  forests  are  approached,  the  fall  sometimes  being  very  sudden,  and  it  is  more  marked 
In  case  of  old  forests  than  new. 

On  the  other  hand,  it  should  be  pointed  out  that  the  stream  flow  from  forested 
regions  is  more  constant  than  from  unforested  ones,^  and  as  this  is  to  be  considered 
as  due  to  ground-water  phenomena  it  indicates  a  greater  percolation. 

On  the  plains,  groves  and  hedgerows  by  acting  as  wind  breaks  tend  to  elevate  the 
water  level  by  decreasing  the  surface  evaporation. 

It  is  well  known  to  agriculturists  that  it  is  possible  to  cultivate  the  soil  so  that  the 
evaporation  will  be  greater  than  under  natural  conditions  or  so  that  the  moisture 
will  be  conserved.  It  is  thus  possible  to  either  increase  or  decrease  the  ground  water 
by  cultivation.  In  the  semiarid  region  of  the  Middle  West,  where  the  rainfall  is 
light,  the  secret  of  the  so-called  "  dry  or  arid  farming'*  is  to  so  prepare  the  soil  as  to 
insure  the  percolation  of  all  the  rain  water  or  of  a  very  large  i)ercentage  of  it,  and  to 
prevent  its  escape  by  evaporation.  To  accomplish  this  various  methods  of  subsoil- 
ing,  subsurface  rolling,  and  i!»urface  mulching,  either  by  pulverizing  the  soil  or  by  the 
addition  of  straw  or  manure,  have  been  employed,  in  some  cases  with  marked  suc- 
cess. I  am  informed  by  Prof.  Charles  S.  Slichter  that  in  western  Kansas,  where  the 
Campbell  system  is  employed,  the  ground  water  has  in  i>laces  been  raised  several 
feet  by  the  increased  percolation. 


a  See  Bull.  Division  of  Forestry.  U.  S.  Dept.  Agric.  No.  7.  1893,  pp.  100-101.  130-131,  and  references 
therein  given:  also  Lueger,  Wasserversorgung  der  Stiidte,  p.  197. 

b Ototzky,  P.,  Ann.  S*n.  Agron.  1897,  vol.  2,  No.  3,  pp.  45.V477,  pis.  2;  review,  Expt.  Station  Record, 
vol.  9,  1898,  p.  1041. 

c Henry,  E..  and  Tolsky,  A.,  Ann.  8oc.  Agron.  1902,  vol.  3,  No.  3,  pp.  396-422;  review,  Expt.  Station 
Record,  vol.  15.  1903.  p.  125. 

dSee  Bull.  Division  of  Forestry.  U.  S.  Dept.  Agric.  No.  7.  1892.  pp.  158-170;  Man.son,  Mantden,  Com- 
parison of  low-water  discharge  from  a  timbere<i  with  thai  from  ii  comparatively  timberless  area: 
Water-Sup.  and  Irr.  Paper  No.  4^  T'.  s.  Geol.  Survey,  1901,  pp.  4G-47. 
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EFFECT  OF  IRRIGATION. 

Irrigation,  almost  without  exception,  raises  the  ground-water  level,  and  in  repons 
where  there  is  no  natural  ground-water  outlet  ho  placed  that  it  furnishes  a  sufficient 
natural  escape  for  the  underflow,  elaborate  systems  of  tiling  and  pumping  are  neces- 
sary to  keep  the  water  level  from  reaching  the  surface  in  the  low  places  an<l  con- 
verting them  into  marshes  or  alkali  flats.  Carpenter  reports  that  in  the  Cache  la 
Poudre  Valley,  Colorado,  the  water  level  has  been  raised  20  to  40  feet«  The  effects 
of  irrigation  in  the  King  River  Valley,  California,  are  shown  in  Water-Supply  and 
Irrigation  Paper  No.  58,  PI.  XXVI. 

On  Long  Island  only  limited  areas  have  so  far  been  irrigated,  but  these  bid  fair  to 
rapidly  increase.  On  account  of  the  very  porous  character  of  the  soil  and  the  fact 
that  all  the  water  ustni  must  l)e  obtained  from  the  ground  water  of  the  n*gion 
involved,  there  is  no  danger  of  serious  raising  of  the  ground-water  level;  indeed,  the 
net  result  here  of  extreme  irrigation,  which  would  have  to  be  done  by  pumping, 
would  be  a  lowering  of  the  ground-water  level  to  the  extent  of  the  added  loes  by 
evaporation  and  plant  transpiration.  When  the  water  for  irrigation  is  supplied 
wholly  from  springs,  as  it  is  at  one  or  two  points  near  Flushing,  or  where  supplied 
from  the  city  waterworks,  as  at  Elmhurst,  *>  the  result  is  a  local  raising  of  the  ground- 
water level 

EFFECT  OF  DAMS. 

In  regions  where  the  ground  water  is  tributary  to  the  stream  channels  the  effect 
of  the  ponding  of  streams,  except  where  the  material  of  the  bed  of  the  resenoir 
is  entirely  impervious,  is  to  raise  the  ground-water  level.  As  the  p>ond  or  resen'oir 
is  relatively  permanent,  the  ground  water  generally  has  time  to  adjust  itself  to  the 
new  conditions,  and  an  elevation  is  produced  which  is  persistent  as  long  as  the  reser- 
voir lasts.  Thus  on  Long  Island,  where  dams  were  built  in  all  the  little  streams  at 
an  early  day,  the  effect  has  been  to  abnormally  raise  the  ground-water  level  over 
considerable  areas. 

In  mill  ponds  of  this  character  the  use  of  the  water  during  the  day  and  the  accumu- 
lation during  the  night  give  rise  to  a  periodic  fluctuation  of  the  water  in  the  wells 
along  their  banks  which  tends  to  accentuate  the  temi)erature  effect 

In  regions  where  the  ground-w^ater  table  is  below  the  str^^i,  ponding  will  increase 
the  leakage,  though  this  may  naturally  check  itself  in  time  by  the  deposition  of  silt 
and  colloidal  material. 

EFFECT  OF  UNDERGROUND  WATER-SUPPLY  DEVELOPMENTS. 

Underground  water  is  developed  for  water  supply  in  one  of  four  general  ways: 
(1)  By  subsurface  dams,  (2)  by  infiltration  galleries,  (3)  by  pumping  from  single 
wells  or  groups  of  wells,  and  (4)  by  flowing  wells. 

E7FECT  OF  8TJB8URFA0E  DAH8. 

In  regions  where  there  are  valleys  with  impervious  sides  filled  with  porous  mate- 
rial a  dam  across  the  valley  will  pond  this  underflow  and  force  it  to  the  surface. 
This  has  been  employed  in  many  regions  of  the  West  where  dry  stream  beds  with 
considerable  underflow  abound.  The  effect  of  such  a  structure  on  the  ground-water 
level  is  shown  in  Water-Supply  and  Irrigation  Paper  No.  67,  Pis.  V,  VII. 

^^FECT  OF  nrFILTRATION  OAT.T.KRTKB. 

Inflltration  galleries  may  either  raise  or  lower  the  ground-water  level.  When  con- 
structed along  the  line  of  contact  of  a  pervious  and  impervious  bed  they  may  act  in 

a  Carpenter,  L.  G.,  Seepage  or  return  waters  from  irrigation:  Bull.  Colorado  Expt  Station.  Na  S3, 
1896.  p.  4. 
&Bull.  Office  Expt.  Stations,  U.  S.  Dept.  Agric.  No.  148,  1904. 
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a  way  analogous  to  a  subsurface  dam.  Where  deep  in  pervious  layers  they  offer  a 
new  outlet  at  a  lower  level  than  the  natural  one,  and  so  depress  the  water  plane. 
This  effect  is  the  same  as  that  in  a  pumped  well,  except  that  here  the  cone  of  depres- 
sion is  greatly  lengthened  in  one  direction. 

EFFECT  OF  PXniFINO. 

Tne  first  effect  of  pumping  is  to  develop  a  more  or  less  symmetrical  cone  of  depres- 
sioUj  of  which  the  well  is  the  center.  The  steepness  and  slope  of  the  cone  (^epend 
on  such  factors  as  the  porosity,  rate  of  flow,  rate  of  pumping,  and  uniformity  of  soil. 
The  effect  of  such  a  depression  in  the  porous  material  on  Long  Island  is  to  lower  the 
water  in  adjacent  wells  and  drain  the  near-by  ponds  and  marsh  areas. « 

The  effect  of  this  lowering  of  the  water  table  has  a  marked  effect  on  the  stream 
flow  on  Long  Island,  as  is  shown  by  the  following  table,  compiled  by  L.  B.  Ward: 

Effect  of  ground-ivater  pumping  in  diminishing  stream  flow^  from  187 S  to  1899^  in  the  old 
watershed  of  the  Brooklyn  waterworkSy  comparing  five-year  periods,  <i 


Period. 


1873-1877 
1878-1882 
1883-1887 
1889-1893 
1895-1899 


Period. 


1873-1877 
1878-1882 
1883-1887 
1889-1893 
1895-1899 


Aver- 
age 
.annual 
rain- 
fall. 


Average  annual 
rainfall  collect- 
ed, referred  to 
watershed  as  a 
whole. 


Driven- well  supply. 


Inches. '  Per  cent. 
43.33  I        26.07 
41.58  1 
43.30  ' 
45.05  i 
43.14  I 


Other  pumped 

sources  of 

supply. 


Ex- 

pressed  l>ft»y  Per 
square 
mile. 


Water  collected   as   stream 
i^^-'ly  flow,  referred  to  60  square 

total  per       miles  of  watershed, 
square 
mile 


as  rain 
fall. 


Inches. 
0.18 
.99 
2.30 
4.17 
2.74 


derived  | 

from  all   Daily  per 
"*"    square 
I     mile. 


sources  in 
the  wa- 
tershed. 


Gallons. 
8,659 
47,063 
109,041 
198, 6a5 
130,224  i 


Gallons. 
517,206 
585,978 
651,506 
824, 195 
745,983 


Gallons. 
632,034 
594,310 
518.071 
455, 163 
327, 122 


Expressed  as  rain- 
fall. 


Inches. 
11.17 
12.48 
10.88 
9.56 
6.89 


Propor- 
tion of 
total. 


Per  cent. 
25.79 
30.02 
25.13 
•  21.22 
15.96 


a  Merchants'  Association  of  New  York,  The  Water  Supply  of  the  City  of  New  York,  1900,  p.  1H6. 
6  Began  in  1883. 

While  all  pumped  wells  cause  a  cone  of  depression,  in  regions  where  the  ground 
water  moves  rapidly  and  where  the  demand  does  not  exceed  the  supply  the  recovery 
is  very  rapid,  as  is  shown  by  the  figures  prepared  by  W.  E.  Spear  from  the  records 
of  the  Brooklyn  water  department.  ^ 

Several  points  are  noteworthy  about  these  diagrams.  The  water-bearing  strata, 
in  the  deep  and  shallow  wells,  in  each  case  ere  separated  by  rather  fine  material 
which  may  usually  be  called  a  clay.  There  is  a  distinct  flow  below  the  clay  layer 
with  a  velocity,  as  shown  by  Slichter,  of  6  feet  per  day,  while  that  immediately  above 


a  See  discussion  in  Prof.  Paper  U.  8.  Geol.  Survey  No.  44, 1906,  pp.  78-79. 

bRepi.  New  York  City  Commission  on  Additional  Water  Supply,  1904.  appendix  7,  Pis.  XI,  XII. 
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the  clay  layer  is  but  18  inches.  Near  the  surface  the  velocity  is  3  to  15  feet  per  day. 
It  is  therefore  interesting  to  notice  at  Agawam,  which  is  essentially  a  deep-well 
station,  the  sympathetic  effect  of  pumping  in  the  lower  layer  on  the  water  in  the 
upper.  There  is  also  an  important  difference  in  the  depression  produced  in  well 
No.  11  and  well  No.  16.  This  indicates  local  irregularities  in  porosity.  At  Merrick 
the  wells  connecte<l  to  the  suction  are  all  shallow  but  one;  the  effect  of  pumping  is 
therefore  more  marked  in  the  shallow  than  the  deep  wells.  It  is  here  quite  normally 
greatest  in  the  center  well.  The  recovery  after  pumping  is  very  rapid  in  both  cases, 
indicating?  that  the  supply  is  a  free  one  and  that  the  plants  have  not  overdrawn  it 

The  records  for  a  181-fot>t  well  at  the  Queens  County  Water  Company  pumping 
station,  near  Hewlett,  N.  Y.,  show  regular  fluctuations  due  to  pumping  (PI.  Ill, 
p.  18).  This  well  is  3,000  feet  from  the  pumping  station  and  2,000  feet  from  the 
nearest  pumpe^l  well,  and  the  records  showed  fluctuations  of  such  a  regular  rhythmical 
character  that  they  were  at  first  thought  to  represent  fluctuations  due  entirely  to 
temperature  changes.  Further  consideration  in  connection  with  the  record  of  pump- 
ing from  the  station  shows  that  the  fluctuations  are  almost  wholly  due  to  pumping, 
although  there  is  perhai)H  a  slight  temj)erature  effect  involved. 

The  response  of  the  water  level  in  the  deeper  wells  to  changes  of  pressure  at  the 
surface,  due  to  rainfall,  tidal,  barometric,  and  thermometric  fluctuations,  suggests  that 
the  removal  by  pumping  of  the  surface  ground  water  over  an  artesian  stratum  vrill, 
by  relief  from  load,  produce  sympathetic  fluctuations  in  deep  wells  where  there  ifl 
absolutely  no  connection  between  the  water-bearing  strata. 

SFFEOT  OF  ARTSSIAH-WBIX  DSVELOFMXHTS 

The  universal  experience  in  artesian  basins  has  been  that  after  a  time  the  head 
decreases.  This  is  due  to  many  caused.  When  the  whole  basin  is  affected,  it  indicates 
that  the  outflow  or  pumping  from  the  wells  exceeds  the  inflow  from  the  porous  strata, 
and  a  gradual  decrease  is  to  be  expected  until  these  factors  are  balanced.  A  well  or 
group  of  wells  may  be  influence<i  by  interference  from  a  single  well  favorably  situated. 
Thus  the  drilling  of  a  well  in  which  the  outflow  is  many  feet  below  that  of  near-by 
wells  quickly  affects  the  head  of  the  higher  wells.  Very  often  where  but  a  few  wells 
here  and  there  are  affected  the  decrease  in  head  is  to  be  regarded  as  wholly  due  to 
leakage,  either  on  the  outside  of  the  casing  or  by  the  failure  of  the  casing  through 
corrosion. 

All  artesian  wells  are  sooner  or  later  pumped,  and  the  effect  of  the  pumping  is  often 
to  lower  the  head  over  wide  areas.  The  diminution  of  the  head  in  the  chalk  wells 
in  London  during  the  early  part  of  the  nineteenth  century  is  well  shown  by 
Clutterbuck.a 

EFFECT  OF  LARGE  CITIES  ON  THE  WATER  LEVEL. 

Aside  from  the  general  lowering  of  the  water  level  in  cities  due  to  pumpage, 
another  factor  tending  in  the  same  direction  is  a  decrease  of  the  inflow  of  rain  watere. 
The  mass  of  buildings,  paved  streets,  and  drainage  systems  absolutely  prevent  the 
infiltration  of  rain  water  over  wide  areas.  This  loss  is,  however,  in  part  replaced  by 
leakage  from  the  water  and  sewer  systems. 

The  loading  resulting  from  the  placing  of  large  and  heavy  buildings  on  small  areas 
will  have  the  same  effect  as  loading  due  to  any  natural  causes,  except  that  the  former 
is  so  gradual  that  in  most  cases  the  water  has  time  to  escape  laterally.  It  is  conceiv- 
able, however,  that  the  loading  may  exceed  the  rate  of  outflow  and  a  temporary 
measurable  increase  in  the  artesian  h^d  l)e  produced,  but  this  is  of  such  slight  value 
as  to  l)e  of  theoretical  rather  than  practical  importance.  The  effect  is  practically 
nothing  when  the  building  rests  on  betl  roi'k,  as  at  New  York,  and  reaches  its  maxi- 


aMin.  Proc.  Inst.  Civil  Eng.,  vol.  9, 1850,  pi.  vl,  p.  180.      , 
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mum  at  points  like  New  Orleans,  Galveston,  and  other  coast  towns  underlain  by 
unconsolidated  Tertiary  and  Quaternary  beds.  A  much  more  readily  measurable 
efiect  would  be  produced  by  large  fires,  which  in  a  short  time  would  remove  a  large 
weight  from  a  limited  area.  These  pressure  effects  would  be  noticeable  only  in  wells 
in  which  the  water  is  already  under  artesian  head  and  when  the  overlying  beds  have 
considerable  plasticity.  They  would  clearly  be  greatest  in  unconsolidated  materials 
and  would  decrease  with  the  thickness  of  the  strata  above  the  water-bearing  layer. 

EFFECT  PRODUCED  BY  LOADED  FREIGHT  TRAINS. 

The  sensitiveness  of  the  water  in  wells  to  any  change  in  load  at  the  surface  is 
strikingly  illustrated  by  the  oscillation  produ(*ed  by  slowly  moving  freight  trains  at 
Madison,  Wis.     This  is  described  by  King  as  follows: « 

While  the  self-roistering  instrument  was  upon  well  No.  48,  it  was  observed  that  there  were  frequent 
records  of  sharp  short-period  curves  shown  upon  the  sheet,  which  at  first  were  supposed  to  be  the 
result  of  accidental  jars  which  the  instrument  sustained;  but  the  frequency  of  their  occurrence  and 
the  fact  that  they  always  indicated  elevations  of  the  water  led  to  a  closer  scrutiny  and  their  final 
association  with  the  movement  of  trains  past  the  well.  On  the  eight-day  instrument  these  fluctua- 
tions are  shown  as  single  dashes,  but  with  the  one-day  form  the  curve  was  open.  The  well  in  which 
these  disturbances  occur  is  situated  about  140  feet  from  the  railroad  track  and  has  a  depth  of  40  feet. 
It  is  tubed  up  with  6-inch  Iron  pipe  to  the  sandstone.  37  feet  below  the  surface,  and  the  water  has  a 
mean  depth  of  about  20  feet  in  it. 

The  strongest  rises  in  the  level  of  the  water  are  produced  by  the  heavily  loaded  trains,  which  move 
rather  slowly.  A  single  engine  has  never  been  ob.ierved  to  leave  a  record,  and  the  rapidly  moving 
passenger  tarns  produce  only  a  slight  movement,  or  none  at  all,  which  is  recorded  by  the  instrument. 
The  figure  shows  the  curve  to  be  produced  by  a  rapid  but  gradual  rise  of  the  water,  which  is  followed 
by  only  a  slightly  less  rapid  fall  to  the  normal  level,  there  being  nothing  oscillatory  in  character 
indicated  by  any  of  the  tracings  nor  observable  to  the  eye  when  watching  the  pen  while  in  motion. 
The  downward  movement  ol  the  pen  usually  begins  when  the  engine  has  passed  the  well  by  four  or 
five  lengths,  and  when  the  pen. is  watched,  it  may  be  seen  to  start  and  to  descend  quite  gradually, 
occupying  some  seconds  in  the  descent. 

This  is  very  similar  to  the  various  pressure  effects  noted  above,  due  to  tidal,  baro- 
metric, and  rainfall  loading,  and  to  transmitted  fluctuations  due  to  variations  in  local 
load  produced  by  temperature  changes,  except  that  the  time  of  lateral  transmission 
is  rather  shorter,  and  it  is  not  clear  that  the  water  is  under  artesian  head. 

FLUCTUATIONS   DUE  TO   INDETERMINATE   CAUSES. 
SMALL.   FLUCTUATIONS. 

The  extreme  susceptibility  of  the  water  level  in  wells  to  pressure  changes  would 
lead  one  to  expect  many  minute  fluctuations;  and,  indeed,  all  the  well  curves  show 
a  great  number  of  such  fluctuations  superposed  on  the  larger  fluctuations  produced 
by  the  dominant  element  at  that  point.  Many  are  clearly  compound  waves  of  very 
complex  character  and  represent  the  resultant  of  many  forces.  They  emphasize  the 
continued  state  of  unrest  of  the  earth's  surface.  These  fluctuations  can  be  properly 
studied  only  with  instruments  having  both  a  large  vertical  and  time  scale,  and 
their  elucidation  would  necessitate  corresponding  meteorologic  instruments  of  great 
delicacy. 

On  the  day  gages  at  Hewlett  (p.  18)  there  is  a  distinct  series  of  minor  fluctuations 
with  a  well-defined  period  of  about  twenty  minutes.  These  greatly  resemble  the 
minor  oscillations  in  the  tidal  curves  at  many  points.  f> 

a  Bull.  U.  8.  Weather  Bureau  No.  5. 1892,  pp.  67-68. 

ftSee  Airy,  Sir  G.  B.,  On  the  seiches  or  nontidal  undulations  of  short  period  at  Malta:  Phil.  Trans. 
Royal  6oc.,  1878,  pp.  123-138  Dawson,  W.  Bell.  Notes  on  secondary  undulations  recorded  by  self- 
regisienng  tide  gages,  Trans.  Royal  8oc.  Canada,  sec.  3, 1895,  pp.  25-26;  Illustrations  of  remarkable 
secondary  tidal  undulations  in  Nova  Scotia,  Trans.  Royal  Hoc.  Canada,  sec.  3,  1899,  pp.  23-26.  Duff, 
A.  W.,  Setjondary  undulations  shown  by  recording  tide  gages;  Trans.  Nat.  Hist.  Soc.  New  Bruns- 
wick, 1897;  Am.  Jour.  Scl.,  4lh  ser.,  vol.  3,  1897,  pp.  406-412,  Am.  Jour.  8ci.,  4lh  ser.,  vol.  12,  1901,  pp. 
123-139.  Denison,  P.  Napier,  The  Great  Lakes  as  a  sensliive  barometer;  Canadian  Eng.,  Oct.-Nov., 
1897;  Secondary  undulations  ol  tide  gages,  Proc.  Can.  Inst.,  n.  s.,  vol.  1, 1897,  pp.  28-31;  The  Great 
Lakes  as  a  sensitive  barometer:  Proc.  Can.  Insi.,  n.  s.,  vol.  1, 1897,  pp.  5&-63;  The  origin  of  ocean  tidal 
secondary  undulations:  Proc.  Can.  Inst.,  n.  s.,  vol.  1, 1897,  pp.  134-135. 
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The  eecondary  oscillations  in  the  tide  curve  at  Swansea,  England,  have  a  time 
interval  of  fifteen  to  twenty  minutes;  at  Malta,  twenty-one  minutes;  and  at  Sydney, 
twenty-six  minutes;  while  Denison  has  observed  on  Lake  Huron  oscillations  iivith 
perio<l8  of  fourteen,  eighteen,  twenty-two,  and  forty-five  minutes.  As  no  such 
secondary  tidal  oscillations  have  been  observed  near  Long  Island,  and  as  the  Hewlett 
well  is  at  such  a  distance  from  the  coast  that  it  is  not  affected  by  tides  4  feet  high, 
tliese  oscillations  are  clearly  not  of  transmitteil  ocean  origin.  Denison's  observations 
led  him  to  the  conclusion  that  many  of  the  secondary  oscillations  are  due  to  baro- 
metric fluctuations,  and  the  occurrence  of  these  fluctuations  in  wells  must  be  regarded 
Bs  strong  confirmatory  evidence  of  his  conclusion. 

Besides  these  fluctuations  with  a  period  of  twenty  minutes,  there  are  several  other 
minor  vibrations  with  smaller  amplitudes  and  periods;  one  series  seems  to  have  a 
period  of  ^ve  or  six  minutes,  but  is  not  very  sharply  defined. 

In  the  wells  at  Lynbrook  (p.  23)  minor  fluctuations  with  periods  of  forty  and  eighty 
minutes  have  been  clearly  recognized  in  a  mass  of  still  smaller  fluctuations. 

FLUCTUATIONS  AT  MILLBURN,  N.  Y. 

Extremely  irregular  fluctuations  with  a  range  of  as  much  as  1  inch  were  obtained 
from  a  well  at  Millburn,  N.  Y.  (PL  V,  p.  22).  These  are  quite  different  from  any 
of  the  other  curves  obtained  and  no  cause  can  be  assigned  for  these  irr^ularities. 
Not  the  least  strange  part  of  the  curve  is  that  its  general  character  changes  sharply 
on  July  29.     (See  discussion,  pp.  22-23.) 

FLUCTUATIONS  AT  URI8INO  STATION,  NEW  .SOUTH  WALKS. 

The  fluctuations  rei)orted  by  Professor  David  «  at  Urisino  Station,  between  Wanaar- 
ing  and  Milparinka,  in  the  northwest  corner  of  New  South  Wales,  200  miles  from  the 
ocean,  are  unique.  Two  subartesian  wells,  one  1,680  and  the  other  2,000  feet  deep, 
in  which  the  water  rises  to  within  15  or  20  feet  of  the  surface,  show  regular  rhyth- 
mical pulsations  with  a  range  of  4  to  5  feet  every  two  hours.  That  is,  there  are  here 
six  almost  equal  'Hides"  of  large  size  every  twenty-four  hours.  Prof.  Gharlejs  S. 
Slichter  has  suggested  the  very  probable  explanation  that  the  fluctuations  are  due 
to  a  sort  of  periodic  geyser  phenomena.  This  is  quite  competent  to  produce  the  fluc- 
tuations observe<i  and  the  high  temperature  of  the  water  in  this  basin  lends  consider- 
able color  to  the  suggestion. 

"  David.  T.  W.  E..  Notes  on  artesian  water  in  New  South  Wales  and  Queensland:  Jour,  and  Proc 
Royal  8oc.  New  South  Wales  for  1893,  vol.  27,  pp.  429-430. 
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WATER  POWERS  OF  NORTHERN  WISCONSIN. 


By  L.  S.  Smith. 


INTRODUCTION. 

Significance  and  extent  of  water- fower  resources. — Unlike  other  great  natural  resources  of 
the  State,  such  as  the  forest  and  mineral  wealth,  the  utilization  of  which  means  the  final 
destruction  of  the  source  of  supply,  the  water-power  resources  are  as  certain  and  eternal 
as  the  sunshine.  The  importance  of  water  powers  to  a  State  so  remote  from  coal  mines  as 
is  Wisconsin  is  not  likely  to  be  overestimated.  Unquestionably  these  powers  are  destined 
to  exercise  a  wide  influence  on  the  development  of  the  State.  So  far  as  known,  not  a  single 
important  river  in  the  State  has  as  yet  been  made  to  fully  produce  its  available  power. 
The  lower  Fox  may  be  said  to  come  the  nearest  to  this,  with  a  total  of  31,898  actual  horse- 
power,o  all  produced  in  the  35  miles  between  Lake  Winnebago  and  Green  Bay.  This  lai^ge 
water  power  has  caused  the  district  to  take  high  rank  as  a  paper  and  pulp  manufacturing 
center.  Wisconsin,  Chippewa,  and  St.  Croix  rivers  can  each  be  made  to  produce  power 
equaling  and.  even  exceeding  that  of  the  lower  Fox.  Growth  in  the  development  of  Wis- 
consin water  powers  has  been  very  rapid.  During  the  ten  years  ending  in  1900  the  gain 
was  75  per  cent.    The  following  figures  show  the  growth  during  the  last  thirty  years: 

Wisconsin  water  powers  developed. 

Horsepower. 

1870 33,700 

1880 45,300 

1890 56,700 

1900 99,000 

The  annual  saving  represented  by  this  power  over  the  cost  of  an  equivalent  amount  of 
steam  power,  computed  at  S20  per  horsepower,  reaches  the  sum  of  nearly  S2,000,000. 

Sources  of  information. — Judging  from  the  scant  literature  descriptive  of  Wisconsin  water 
powers,  but  little  attention  has  been  directed  in  the  past  to  this  great  natural  resource  of 
the  State.  The  longest  and  most  accurate  description  is  contained  in  the  Tenth  Census 
of  the  United  States.  In  Geology  of  Wisconsin,  volume  3, 1880,  will  be  found  good  detailed 
descriptions  of  the  Lake  Superior  rivers  from  the  standpoint  of  a  geologist.  Very  reliable 
information  regarding  the  upper  headwaters  of  the  larger  rivers  is  given  in  the  reports  of 
the  Chief  of  Engineers,  U.  S.  Army,  for  the  years  1879-1883,  inclusive,  to  which  frequent 
reference  is  herein  made.  This  work  of  surveying  reservoir  sites  involved  the  ninning  of 
many  hundred  miles  of  levels,  thus  securing  numerous  water  levels  on  lakes  and  rivers. 
The  maps  of  these  surveys  were  never  published,  but  copies  of  the  originals  have  been 
obtained,  and  no  pains  or  expense  has  been  spared  to  preserve  and  present  these  data- 
A  fourth  source  of  information,  and  a  most  welcome  one,  both  because  of  its  intrinsic  value 
and  because  it  marks  the  beginning  of  a  rational  and  systematic  study  of  Wisconsin  water 
powers,  is  the  detailed  survey  of  part  of  Chippewa  River  and  the  daily  discharge  records  of 

a  Kept.  Chief  Eng.  U.  S.  Army,  1897,  p.  2737. 
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10  WATER    POWERS    OF    NORTHERN    WISCONSIN. 

many  important  water-power  rivers  carried  on  by  the  United  States  Geological  Survey 
during  the  years  1903,  1904,  and  1905.  a 

Finally,  the  data  here  presented  would  have  lacked  much  of  whatever  value  and  com- 
pleteness they  may  have  had  it  not  Ix^en  for  the  generous  support  of  hydraulic  engineers 
and  mill  owners. 

After  exhausting  all  possible  sources  of  information  by  correspondence,  however,  it  was 
found  that  many  points  of  importance  could  be  cleared  up  only  by  a  personal  visit  to  the 
field.  In  this  manner  visits  were  made  to  St.  Croix  River  at  Taylors  Falls:  to  Apple  and 
Willow  rivers:  to  Eau  Claire  and  Cliippewa  Falls,  on  Chippewa  River:  to  Black  River  Falk 
and  Neillsville,  on  Black  River:  to  Grand  Rapids,  Stevens  Point,  Tomahawk,  and  Rhine- 
lander,  on  Wisconsin  River,  and  to  Oshkosh,  Appleton,  Menasha,  Kaukauna,  and  Deperp, 
on  Fox  River. 

The  importance  of  these  water-power  rc-sources  to  the  development  of  the  State  would 
certainly  justify  it  in  c<x)perating  financially  with  the  United  States  Geological  Survey  bv 
extending  the  investigation  to  include  hypsometric  surveys  of  the  important  rivers,  espe- 
cially in  the  region  now  undeveloped. 

PHYSICAL  GEOGRAPHY  OF  NORTHERN  WISCONSIN. 

GEOLOGY.  &    • 

The  rock  formations  of  northern  Wisconsin  readily  fall  into  three  classes — the  pre-Oun- 
brian  crystalline  rocks,  the  Paleozoic  rocks,  and  the  Glacial  drift.  The  pre-Oambrian  and 
Paleozoic  formations  aiv  adjacent  to  one  another,  but  the  loose  Glacial  drift  is  distributed 
irregulariy  over  all  the  hard-rock  formations  of  the  region. 

PREH'AMBRIAN    ROCKS. 

The  pre-Cambrian  crj'stalline  rocks  consist  of  various  kinds  of  igneous  rocks,  sudi  as 
greenstone  or  trap  rocks,  gmnite,  diorite,  rhyolite,  schists,  and  gneisses,  and  varieties  of 
metamorphosed  sedimentary-  rocks,  such  as  quartzite,  slate,  limestone,  conglomerate  ferru- 
ginous rinks,  slate,  and  schists.  The  rocks  here  classed  as  pre-Cambrian  include  all  ihoee 
often  referred  to  as  the  Laurentian  (Archean),  Iluronian,  and  Keweenawan  series.  TTie 
various  kinds  of  crystalline  r<M*ks  generally  stand  on  edge,  trend  in  various  directions,  and 
form  irregular  belts  and  areas  throughout  the  region. 

The  area  of  crj'stalline  mcks  covers  the  principal  part  of  northern  Wisconsin.  Its  north- 
ern boundary  is  approximately  parallel  to  and  very  near  the  adjacent  shore  of  Lake  Superior; 
on  the  west  it  projects  irregularly  into  Minnesota;  on  the  south  it  extends  to  the  central  part 
of  the  State,  and  on  the  east  it  reaches  within  25  to  40  miles  of  Green  Bay. 

The  pre-Cambrian  region  is  the  highest  portion  of  the  State,  and  in  these  crystalliDf 
highlands  the  large  rivei*s  have  their  source  and  flow  outward  in  all  directions.  The  cnrst&I- 
line  rocks  art^  generally  hard.  They  do  not  everywhere  have  this  character,  however,  and 
the  lack  of  uniformity  causes  much  irregularity  in  the  surface  features.  High,  rounded 
knolxs  of  hard  granite  and  quartzite  dot  the  surface  of  the  region,  and  the  abrupt  variations 
in  the  character  of  the  rock  along  the  river  valleys  have  caused  the  formation  of  numerous 
rapids  and  waterfalls.  The  slope  of  the  pre-Cambrian  region  is  relatively  steep  on  the  l^ke 
Superior  side  and  comparatively  gentle  toward  the  east,  south,  and  west. 

PALEOZOIC   ROCKS. 

The  Paleozoic  rocks  consist  of  alternating  formations  of  cx>mparatively  incoherent, 
friable  sandstone  and  hard,  compact  limestone  lying  imconformably  upon  the  upturned 
edges  of  the  crystalline  rocks  and  dipping  slightly  toward  the  north,  east,  south,  and 


aTho  Wisconsin  lefjisljitum  of  I'Jd')  appropriatod  $2. .500  for  the  purpose  of  surveying  the  w»t« 
powers  of  the  State  in  cooperation  with  the  I  nited  States  (icological  Survey,  which  has  set  aside  an 
equal  amount  for  this  purpose.  In  the  fall  of  1905  Wisconsin,  Black,  and  Flambeau  riven  were 
surveyed.    This  work  is  in  charge  of  Leonard  S.  Smith. 

*>  Prepared  by  S  Weidman.  State  geologist  of  Wisconsin. 
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west — the  dip  thus  being  away  from  the  broad  central  core  of  the  pre-Cambrian  region. 
The  Paleozoic  rocks  of  northern  Wisconsin  include  the  following  formations,  named  from 
the  base  upward:  (1)  Cambrian  ("Potsdam")  sandstone,  (2)  "Lower  Magnesian"  lime- 
stone, (3)  St.  Peter  sandstone,  and  (4)  "Trenton''  limestone. 

The  Cambrian  sandstone  is  by  far  the  most  abundant  Paleozoic  rock  of  the  region.  Along 
tlie  shore  of  Lake  Superior,  where  it  is  generally  called  the  Lake  Superior  sandstone,  it  forma 
a  strip  less  than  a  mile  in  width  at  the  Michigan  boundary,  increasing  to  15  miles  in  width  at 
the  Minnesota  boundary.  For  variable  distances  of  15  to  40  miles  about  the  broad  central 
area  of  the  pre-Cambrian  to  the  west,  south,  and  east,  the  Cambrian  is  the  principal  surface 
rock.  It  is  only  adjacent  to  the  shore  of  Green  Bay  on  the  east  and  in  St.  Croix  and  Pierce 
counties  on  the  west  that  limestone  and  sandstone  later  than  the  Cambrian  occur  to  any 
notable  extent. 

The  surface  features  of  the  Cambrian  sandstone  district  are  mainly  broad  valley  bottoms, 
dotted  here  and  there  with  a  few  pinnacles  of  hard  sand  rock.  In  the  region  of  the  limestone, 
however,  the  valleys  are  generally  sharp  and  narrow,  and  the  uplands  constitute  the  main 
portion  of  the  landscape.  Tlie  hills  and  sharp  ravines  in  the  limestone  district  are  in  sharp 
contrast  with  the  broad,  graded  valley  bottoms  of  the  sandstone  district. 

GLACIAL   DRIFT. 

The  Glacial  drift  consists  of  a  loose,  incoherent  mass  of  bowlders,  gravel,  sand,  and  clay. 
In  some  places  the  coarse  drift  is  abundant,  while  in  other  places  clan's  and  sand  prevail. 
The  drift  has  a  very  irregular  thickness  throughout  the  area.  It  was  deposited  upon  the 
older  crystalline  and  Paleozoic  "rocks  during  the  several  successive  glaciations  in  Wisconsin 
and  the  adjacent  region. 

Drift  in  variable  quantity  occurs  throughout  northern  Wisconsin,  l)eing  very  abundant 
in  the  northeastern,  northern,  and  northwestern  parts  of  the  reg:ion,  while  in  a  ver}^  irregular 
but  considerable  area  in  the  southwestern  part  the  drift  is  very  thin. 

The  surface  of  a  large  part  of  the  drift-covered  region  is  very  irregular  and  uneven,  and 
consists  of  hills  and  ridges  alternating  with  basins,  swamps,  and  lakes.  In  some  places 
the  drift  covering  completely  obliterates  the  topographic  features  of  the  crystalline  and 
Paleozoic  rocks;  in  other  places  it  only  modifies  the  older  topography.  On  the  whole, 
however,  the  glaciation  of  the  region  exerted  a  considerable  influence  on  the  distribu- 
tion of  the  drainage  lines  and  in  shaping  the  minor  inequalities  of  the  land  surface. 
The  drift  region,  from  the  tofK>graphic  point  of  view,  may  \w  divided  into  two  general 
districts — one  cdvered  by  the  older  drift  series  and  the  other  by  the  later  drift.  In  the 
district  of  the  older  drift,  the  southwestern  part  of  northern  Wisconsin,  there  are  no  lakes 
or  ponds,  and  swamps  are  very  rare.  Here  the  topography  is  mature  and  the  land  has 
good  surface  drainage.  In  the  district  of  the  later  drift,  however,  which  includes  the 
main  portion  of  northern  Wisconsin,  the  glacial  deposits  are  abundant;  ridges  and  hills 
of  bowldery  material  occur,  and  lakes,  swamps,  and  sags  are  common.  In  this  district, 
therefore,  the  surface  drainage  is  often  very  poor  and  large  amoinits  of  water  are  held  in 
swamps  and  ponds.  Here,  also,  there  are  marked  difl'erencos  in  the  surface  features  pre- 
vailing over  large  parts  of  the  district.  Along  its  lM)rder  is  the  terminal  moraine,  often 
called  the  "kettle  moraine,"  having  a  width  ranging  from  3  or  4  to  2()  miles  and  consisting 
of  numerous  drift  hills  and  ridges  closely  associated  with  sags,  lakes,  and  ponds.  This 
terminal  moraine  extends  across  the  entire  continent.  In  crossing  this  portidn  of  the 
State  it  turns  north  a  few  mile.s  east  of  Grand  Rapids,  thence  extends  to  Antigo,  thence 
in  a  sinuous  belt  westward  to  Barron  County,  and  thence  southwest  into  Minnesota. 
Back  of  this  terminal  moraine — that  is,  to  the  ciist  and  north — are  similar  belts  known  as 
"recessional  moraines, "separated  one  from  another  by  broad  areas  having  the  general  features 
of  the  hard  rocks  beneath.  Between  the  moraine  l)elts  are  broad  tracts  of  sandy  land, 
called  "barrens,"  which  cover  considerable  portions  of  the  northwestern  part  of  the  State.* 
Along  Lake  Superior  is  a  broad  l)elt  of  nearly  flat  clay  land  which  may  l)e  mentioned, 
though  it  has  no  influence  on  the  distribution  of  the  water  powers  of  the  region. 
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TOPOGRAPIIY. 

The  abundant  water-power  resources  of  Wisconsin  are  the  result  of  its  unique  topographj. 
A  wide  and  comparatively  flat  highland  crosses  the  northern  part  of  the  State.  This 
divide  varies  in  elevation  from  1,900  feet  in  the  eastern  part  to  1,000  feet  in  the  western 
part,  and  extends  to  within  30  miles  of  Lake  Superior.  From  it  the  rivers  descend  radially 
in  all  directions  except  eastward.  Owing  to  the  fact  that  Lakes  Superior  and  Michigan 
bound  the  State  on  the  north  and  east,  while  Mississippi  River  forms  the  southwestern 
and  the  larger  part  of  the  western  boundary,  all  the  rivers  must  needs  find  a  low  trough 
into  which  to  discharge,  and  that  at  a  short  distance  from  their  source.  This  conditicHi 
results  in  a  rapid  fall  and  large  water  powers. 

About  9  per  cent  of  the  total  area  considered  belongs  to  the  abrupt  Lake  Superior  water- 
shed and  the  remainder  to  the  broad  southeast,  south,  and  southwest  slopes.  The  divides 
between  the  rivers  which  drain  this  southern  slope  are  almost  imperceptible,  in  some  cases 
being  entirely  last  in  labyrinths  of  lakes  and  swamps. 

Hills  over  300  feet  in  height  are  rare.  A  few  '  *  mounds,"  or  isolated  steep  hills  with  extremely  narrow 
bases,  rise  out  of  the  sandy  plains  of  Jackson  and  Clark  counties,  and  a  few  larger,  more  massive  hills, 
one  1,940  feet  above  the  sea,  occur  in  the  valleys  of  the  larger  rivers,  besides  the  low,  broad  hills  which 
form  the  crests  of  the  Penokee  and  Copper  ranges.  These  hilly  tracts  do  not  cover  over  5  per  cent  of 
the  total  area,  while  about  4.5  per  cent  is  level  upland  and  about  50  per  cent  is  rolling  country,  of  which 
a  considerable  portion  is  steeply  rolling  "kettle"  or  "pot-hole"  land.o 

The  surface  features  are  discussed  elsewhere,  under  the  head  of  "Geology,"  and  also  in 
connection  with  the  drainage  of  each  river. 

IIYDROGRAPHT. 

St.  Croix,  Chippewa,  Black,  and  Wisconsin  rivers  drain  70  per  c^nt  of  the  northern  half 
of  the  State,  an  area  nearly  equal  to  that  of  the  State  of  Maine.  The  Lake  Superior  rivers 
drain  only  9.3  per  cent  and  those  flowing  into  Green  Bay  the  remaining  20.7  per  cent. 

In  general,  each  of  the  important  rivers  may  be  divided  into  three  divisions,  differing 
widely  in  physical  characteristics.  First,  the  headwaters,  marked  by  sluggish  streams 
with  low  divides,  fed  by  numerous  and  extensive  swamps  and  lakes,  frequently  so  intei^ 
laced  that  it  is  impossible  to  trace  out  the  river  divides.  Here  many  of  the  lakes  have  dam 
sites  forming  natural  reservoirs  for  the  river  below.  Bowlder  rapids  are  here  of  frequent 
occurrence.  Second,  a  stretch  of  maximum  descent  along  the  center  reach  of  the  river, 
abounding  in  numerous  falls  and  long  stretches  of  rapids.  This  part  of  the  river  is  always 
in  the  region  of  the  pre-Cambrian  crystalline  rocks,  the  southern  border  of  which  marks 
the  lower  limit  of  the  rapids.  ^  Third,  Xhe  lower  ix>rtion  of  the  course,  where  for  a  distance 
of  about  50  miles  the  river  flows  through  sandstone  and  limestone,  the  descent  being  very 
slight.  This  region  is,  therefore,  devoid  of  wat^r  power.  In  fact,  the  United  States  Gov- 
ernment has  improved  the  larger  rivers  along  this  reach  for  the  purpose  of  navigation  with- 
out the  use  of  locks. 

As  compared  with  the  upper  Mississippi  basin  in  Minnesota,  the  area  under  discussion 
may  be  said  to  have  a  steeper  grade,  the  middle  portion,  containing  the  main  water  powers, 
having  an  average  fall  of  3  to  8  feet  to  the  mile.  Because  of  the  storage  effect  of  the  lakes 
and  swamps,  the  low-water  run-off  is  as  high  as  from  0.3  to  0.8  second-foot  per  square  mile 
of  drainage  area.     Probably  about  a  third  of  the  total  rainfall  finds  its  way  into  the  streams. 

The  general  use  and  control  of  these  northern  rivers  for  logging  purposes  in  the  past 
tended  to  decrease  the  value  of  the  water  powers  by  withholding  the  water  at  times  when 
most  needed.  All  logging  on  rivers  is  fast  disappearing.  Indeed,  on  many  riveis,  like 
the  Wisconsin,  it  has  practically  given  way  entirely  to  railroad  transportation.  This 
leaves  the  rivers  free  for  the  permanent  development  of  their  water  powers.     The  effect  on 

»     a  Roth,  Filibert,  Forestry  Conditions  of  Northern  Wisconsin:  Bull.  Wis.  Oeol.  and  Nat.  Hist.  Sur- 
vey, No.  1,  189H,  pp.  2-3. 

oThe  only  important  exception  to  this  rule  is  on  Wisconsin  River  at  Kilboum,  where  the  Hver 
descends  rapidly  about  16  feet  in  the  dalles  of  the  Potsdam  sandstone. 
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the  stage  of  water  which  these  dams  have  had  in  the  past  suggei?ts  their  enlargement, 
extension,  and  systematic  operation  for  t\^o  sole  purpose  of  increasing  the  low-water  flow. 
The  United  States  engineers  have  survej'ed  32  large  reservoirs  in  Wisconsin  and  have 
constructed  five  such  reservoirs  in  Minnesota.  The  total  capacities  of  the  proposed  Wis- 
consin reservoirs  are  as  follows  :o 

Storage  capacity  of  proposed  reservoirs  in  Wisconsin. 


River. 


St.  Croix... 
Chippewa.. 
WlBConsin. 


Area  of 

overflowed 

lands. 


Acres. 
«» 102,092 


Storage 
capacity. 


Cubic  feet. 
34,334,000,000 


Not  given.  <    25,239,000,000 
25,832       19,557,000,000 


79,130.000.000 


The  intelligent  operation  of  even  a  part  of  these  reservoirs  would  have  a  marked  effect 
in  steadying  the  river  discharge.  This  point  will  be  separately  discussed  in  connection 
with  the  several  rivers.  It  may  be  remarked  here  that  nature,  by  providing  numerous 
swamps  and  upward  of  1,400  lakes  for  this  region,  has  accomplished  unaided  a  decided 
regulation  of  the  water  supply. 

The  availability  of  these  water  powers  varies  greatly  on  the  different  rivers,  or  even  on 
parts  of  the  same  river.  Those  on  Wisconsin  River,  for  example,  are  all  reached  by  the 
Chicago,  Milwaukee  and  St.  Paul  Railway,  which  parallels  the  river  for  100  miles,  and  by 
other  railroads  at  certain  point.s.  The  powers  on  the  lower  Chippewa  are  likewise  available; 
but  as  yet,  because  of  the  small  population,  the  railroads  have  not  built  generally  into 
the  upper  part  of  the  region.  The  rapid  opening  up  of  farms  now  in  progress  will  soon 
bring  a  demand  for  better  transportation. 

The  present  bulletin  discusses  the  water  powers  of  the  northern  rivers,  for  the  reason 
that  these  powers  are  the  least  known  and  hasi  developed. 

SOILS.  0 

The  soils  of  northern  Wisconsin  may  be  grouped  into  seven  readily  recognized  classes. 

Sandy  soils  are  found  in  regions  known  as  flood  plains,  and  owe  their  origin  to  the  sorting 
action  of  flowing  water  as  it  issued  from  the  melting  ice.  The  two  largest  areas  of  this 
type  are  found  in  central  Wisconsin  east  of  Black  River  and  in  the  northwestern  part  of 
the  State.  These  soils  are  so  coarse  and  open  that  nearly  all  the  rain  soaks  into  the  ground, 
reappearing  later  at  lower  levels  as  springs. 

Sandy  loams  cover  a  much  broader  area  than  the  sandy  soils,  being  roughly  coincident 
in  distribution  with  the  Potsdam  sandstone,  from  which  they  have  in  lai^e  part  been 
derived. 

Prairie  loam  is  a  light,  open  soil,  more  closely  allied  to  those  described  above  than  to 
the  following  ones.  It  is  usually  underlain  by  from  3  to  5  feet  of  coarse,  open  gravel.  In 
northern  Wisconsin  the  largest  area  of  this  type  is  found  in  St.  Croix  County. 

Clayey  k)am  is  finer  and  contains  more  clay  than  the  soils  already  described.  Such  a 
soil  has  a  great  capacity  for  holding  water.  "The  area  of  northern  Wisconsin  covered 
by  this  type  of  soil  is  larger  than  that  occupied  by  any  other  variety." 

Loamy  clay  is  still  heavier  and  more  clayey  than  the  last,  with  smaller  particles.  There 
are  three  considerable  areas  of  the  soil  in  this  region. 

Red  clay  soil  is  the  most  peculiar,  the  finest  grained,  and  heaviest  in  the  State.  It  is 
practically  impervious  to  water.     Its  areas  border  Lakes  Superior  and  Michigan. 


aRept.  Chief.  Eng.  V.  S.  .\nny,  1880. 
f>  Including  27,406  acres  in  Minnesota. 
^Condensed  from  F.  U.  King's  description  In  Northern  Wisconsin  Handbook. 
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Swamp  soil  includes  all  swamp  and  marsh  land  soils.  While  few  ver>"  lai^  single  areas 
are  covered  by  these  soils,  the  agjrregate  amount  is  probably  not  less  than  1,000.000  to 
IjiiOOjOlX)  aer*»s.  Some  of  thes<«  lands  are  now  covered  by  a  growth  of  white  cedar,  othere 
WMth  tamarack  and  spruce,  the  latter  l)eing  usually  found  on  the  borders  of  both  tajnarack 
and  cedar  swamps,  while  still  others  are  simply  sedge  marshes,  some  of  which  are  year!)' 
cut  for  hay.  In  many  other  swamp  areas  fires  have  killed  the  trees,  causing  all  the  small 
anchoring  n>ots  to  die  and  decay,  so  that  the  wnnds  have  overturned  nearly  every  tree. 

Many  of  the  northern  swamps  are  underlain  by  vast  beds  of  peat,  while  all  have  a  thick 
covering  of  moss  and  hunms.  Both  these  factors  play  an  important  part  in  delaying  the 
water  in  its  journey  to  the  streams. 

FOHKST  CONDITIONS. 

'*  Northern  Wisconsin  in  its  primeval  state  was  a  vast  fore-st  of  magnincent  timber." 
This  could  Im»  said  to-day  of  large  areas.  The  central  portion  of  this  region  includes  mixed 
forest  in  wliich,  tlumgh  the  pine  has  nearly  all  l)een  cut,  there  still  remain  over  5,000  feet 
of  hard  w<mk1  and  hemlock  per  acre,  besides  other  timl)er  equally  valuable.  The  total 
area  covered  by  forests  of  this  grade  amounts  to  8,000  s<|uare  miles,  about  the  same  as  that 
«)f  the  State  of  Mas,sachusett<^. 

Mr.  E.  T.  Sweet  «  enumerates  34  dilferent  kinds  of  trees  which  he  found  on  the  Lake 
Superior  slope  alone.  Additional  spec-ies  found  on  the  southern  slope  would  increase  this 
numl)er  considerably. 

The  lumlH'rman's  laboi-s  were  first  directed  to  getting  out  the  pine,  both  because  of  its 
high  valu«'  and  Iwcause  of  tlie  fact  that  he  could  float  it  downstream  to  market.  This 
industry,  including  the  manufacture  into  lumber,  had  an  invested  capital  in  1900  of  $100,- 
1()S,(X)0  and  turned  out  a  pixnluct  valued  at  $81,9H*i,000.6  This  easily  places  it  as  the 
most  important  industry  of  the  State.  Only  two  other  States  exceeded  this  in  1900.  In 
the  same  year,  according  to  the  United  States  Census  report,  Wisconsin  was  the  leading 
State  of  the  Union  in  lumber  and  timber  products,  their  total  value  being  $58,000,000. 
The  amount  of  pine  timlxT  is  limited  and  already  its  production  is  waning.  Its  place  is 
l>eing  taken,  to  a  large  extent,  by  hard-wood  timber,  by  cedar  posts  and  poles,  and  by  hem- 
l(K"k  lum^H^r  and  bark.  The  changes  wrought  annually  by  the  luml)erman's  ax  and  the 
succeeding  forest  fires  are  very  considerable.  The  recent  appointment  of  a  State  forestry 
couunission  promises  much  for  the  protection  and  fostering  care  of  these  great  interests. 

The  once  popular  belief  that  this  northern  area  was  worthless  after  the  loss  of  its  timber 
has  given  way  in  the  past  ten  years  to  a  general  confidence  in  its  agricultural  possibilitieii. 
This  is  amply  evidenced  by  the  rapidity  with  which  these  lands  are  being  opened  up  by 
farmers  and  by  their  rapid  appreciation  in  market  value.  In  1895  only  7  per  cent  of  the 
IS.OOO.tXK)  acres  of  the  northern  half  of  Wisconsin  was  cultivated.  This  region  has  fur- 
nished S.') ,000 ,000 ,000  feet  B.  M.  of  pine  lumber  alone  in  the  past  sixty  years.  The  grad- 
ual clearing  of  the  timber  has  doubtless  had  an  effect  on  the  run-off  of  the  rivers.  Under 
the  changing  conditions  the  rainfall  will  be  less  al)sori)ed  by  the  soil  and  will  get  to  the 
streams  in  a  shorter  p<»riod.  This  is  especially  true  of  the  swamps,  where  the  fires  have 
burned  tlie  thick  humus  and  moss  which  formerly  delayed  the  passage  of  the  water  to  th^ 
lakes  and  rivcr>>.  It  is  only  fair,  however,  to  call  attention  to  the  fact  that  large  areas  of 
the  original  timber  consumed  by  forest  fires  have  been  replaced  by  a  second  growth  of 
both  hard  and  soft  tinilxT,  much  of  it  in  the  form  of  dense  thickets,  which  shade  and  pro- 
tect the  ground  more  effect ually  even  than  the  original  forest. 


a  (}('ol.  Wisconsin,  vol.  3,  IHSO,  p.  328.  «>  U.  8.  Census,  1900,  pt.  1,  p.  293. 
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.  C:L.IMATI<:  C'ONniTIONs. 

TEMPERATIRE. 

The  dimat<^  of  this  region  is  characterized  by  a  large  amount  of  sunshine,  with  high 
temperatures  in  summer  and  extreme  cold,  deep  snows,  and  clear  skiers  in  winter.  The 
summer  heat  and  winter  cold  are  generally  tempered  by  ttie  influence  of  the  bordering 
lakes.  Lakes  Superior  and  Michigan  cover  an  area  of  over  54,000  square  miles  and  never 
freeze  over  in  winter.  Although  the  prevailing  wind  is  from  some  westerly  quarter,  this 
is  so  frequently  broken  up  by  the  passing  of  storm  centers  from  the  lakes  that  both  the 
temperature  and  the  humidity  of  the  air  are  afTect<)d  by  these  great  Ixxlies  of  water.  Wis- 
consin rivers  are  generally  frozen  over  l>etween  Decemlxir  1  and  March  30.  The  following 
table  gives  the  highest  and  lowest  temperatures  for  each  month  of  the  year  for  the 
twelve  years  ending  1883  at  places  in  or  adjacent  to  this  region: 

Highest  and  lovent  teinperaturea  for  each  month  of  the  year  for  the  twelve  years  ending  1883. a 
Locality.  i  Jan.  !  Feb.  ;  Mar.  .Vpr.   May.  .Tune.i  July.  .Vug.  Sept    Oct.  Nov.   Dec. 


t  I 

93         90    !    78         65        51 
45         30    '      8     -29     -34 


Duluth:  I  I 

Maximum 51  57  02  75  91  92  ,    99 

Minimum -.18  -34  -2(i  3  26  3<>  1     4<; 

Marquette:  j  ; 

Maximum .56  m  70  81  92  95  100    I  96         97     i    87         m         59 

Minimum -26  -27  -14  3  22  31  40. 3   39. 7     28         18-9     -20 

Escanaba: 

Maximum 45  52  57  65  Sli  88  92       89         84         75        61         48 

Minimum -26  -32  -JO  2  20  34  42       .18        26         17          9     -23 

Alpena: 

Maximum 52  58  «Hi  72  91  97  97       92        92        Hii        Ui        56 

Minimum '27  -27-14  2  22  33. 5  45       40        29.3     22     -   4     -15 

St.  Paul: 

Maximum 49  59  (i8  82  94  94  100       98         94         87         72         56 

Minimum -31  -.32  -'22  7  24  39  4(>       43         30         15     -24.-30 

La  Crosse: 

Maximum 59  65  72  83  '      96  i    98  101    ;  96    |    92        84        70  |      60 

Minimum -43  -34  23  ,     10  29  40  52       44    |    31         18     -21  '  -37 

a  King,  F.  U.,  Northern  Wi.sconain  Handbook,  18<Hi. 

In  connection  with  the  sudden  lowering  of  tlie  winter  temperature,  a  most  interesting 
phenomenon  was  observed  on  St.  Croi.x  River  by  United  States  engineers  in  the  early 
winter  of  1882:a 

This  was  the  apparently  close  relation  between  the  temperature  and  the  mean  velocity  and  discharge 
of  the  stream,  the  stand  of  the  water  being  at  the  same  time  nearly  constant.  In  the  early  winter  it 
was  found  that  each  cold  wave  which  increased  the  thickness  of  the  Ice  about  one-tenth  of  a  foot  at  a 
time  was  accompanied  by  a  great  falling  off  of  the  dl.scharge.  to  be  followed  by  a  partial  recovery  dur- 
ing the  next  lew  days,  the  same  phenomenon  reciimng  with  great  regularity  at  each  cold  wave.  The 
recovery  of  discharge  being  in  each  case  only  partial,  the  gradual  tendency  was  downward  until  the 
apparent  minimum  was  reached,  when  there  was  no  appreciable  change  for  several  we^ks. 

PRECIPITATION. 

The  average  rainfall  for  twenty-five  years  over  the  entire  State  is  close  to  32.3  inches, 
distributed  by  seasons  as  follows:  Winter,  4.7  inches;  spring,  7.6  inches;  summer,  11.7 
inches;  autumn,  8.3  inches.  If  the  rainfall  of  the  northern  half  alone  be  considered,  these 
figures  would  probably  need  to  Ik*  slightly  increased.     It  is  worthy  of  note  that  60  per 


aRept.  Chief  Eng.  I'.  S.  .Vrrny,  1883,  p.  1470. 
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crnt  of  the  rainfall  comes  in  the  summer  and  autumn  months,  while  the  least  fall  is  during 
the  winter  months.  December,  January,  and  February  are  the  months  of  minimum  run- 
off, both  because  of  smaller  precipitation  and  IxK'ause  of  low  t4»mperatures  and  resulting 
deep  frosts. 

In  general,  it  may  be  said  that  the  precipitation  in  Wis<-onsin  excetxis  that  of  Minnesoia 
and  Michigan  and  al)out  equals  that  of  Iowa. 


Fig.  1.— Rainfall  map  of  Wisconsin. 

Because  of  its  l)earing  on  the  run-off  of  the  various  river  systems,  whose  dischai^ge  meas- 
urements for  1903  and  1904  are  herein  given,  the  precipitation  map  shown  in  fig.  1  has 
been  prepared.  It  will  l>e  noted  that  the  heaviest  rainfall  occurred  in  the  northern  part 
of  the  State,  averaging  about  40  inches. 
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The  followiDg  table  shows  some  details  of  the  distribution  of  rainfall  by  months: 
Average  precipitation  at  Jive  stations  in  Wisconsin  for  twenty  years.a 


Detail. 


PEBCEMTAOES. 

Distribution 

Classification  of  days: 

On  which  rain  fell- 
Mean 

Maximum 
Minimum 

Without  rain 

Trace  to  0.26' 

0.25'  to  0.50' 

0.60'  to  1.00' 

1.00' to  2.00'.. 

2.00'  to  3.00' 

3.00'  to  6.00' 

Over  6' 

NUIIBEB  or  DATS. 

Greatest  consecutive— 
With  rain 
Without  rain 

INCHES  or  RAm. 
Heaviest  in  1  day 


i 

i 

i_ 

12.0 

7.9 

6.5 

4.9 

41.7 

36.1 

39.3 

43.5 

70.01 

60.8 

71.0*  79.6 

16.9 

12.8 

14.9   19.3 

67.6 

63.9 

60. 7;  56.5 

28.4 

26.2 

32.1 

37.7 

6.3 

4.8 

a9;    3.7 

4.6 

a6 

2.5 

1.7 

2.6 

1.6 

.7 

.4 

3 

2 

2 



13 

19 

14 

14 

8 

8 

9 

13 

5.6 

7.23 

1.8 

1.5 

o  Moore,  W.  L.,  Rainfall  of  the  United  States:  Bull.  D,  U.  S.  Depi.  Agriculture. 

The  amount  of  precipitation  is  fairly  constant  for  the  winter  and  a  portion  of  the  fall  and 
spring  months,  but  varies  considerably  in  the  sunmier  months. 

Exceptionally  dry  periods  occur  about  once  in  fifty  years,  when  the  average  for  three  consecutive 
years  is  22  inches  and  the  least  for  one  year  U  13.6  to  20.6  inches.  Dry  periods  occur  once  in  twenty- 
five  years,  when  the  average  for  three  consecutive  years  is  24.2  inches  and  the  least  for  one  year  is  20.3 
inches.  Moderately  dry  periods  occur  once  in  ten  years.  The  exceptionally  dry  periods  are  preceded 
by  an  exceptionally  wet  period,  when  the  annual  precipitation  has  been  as  high  as  50  inches.  This  is 
followed  by  a  period  of  moderately  heavy  rainfall,  with  a  maximum  of  45  inches.  The  last  exception- 
ally dry  period  occurred  in  1894  to  1896.a 

The  year  1903  had  a  moderately  heavy  rainfall.  If  the  above  cycle  can  be  depended  on, 
the  next  period  of  maximum  rainfall  may  be  expected  about  the  year  1908. 

Fig.  2  shows  the  progressive  averages  of  the  precipitation  at  Milwaukee  for  the  past  sev- 
enty years,  computed  by  the  formula —  & 

a-\-4h-\-^-\-4d-\-e_^, 
16 

where  c  represents  the  rainfall  of  the  year  in  question  and  h  and  a  stand  for  the  rainfall 
in  the  two  years  preceding,  while  d  and  e  represent  the  rainfall  of  the  following  two  years. 


1  Kirchoffer,  W.  G.,  master's  thesis. 

6  After  Blandford.    See  Bull.  D,  U.  8.  Weather  Bureau. 
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This  curve  makes  clearer  the  nature  of  the  rainfall  cycle. 

In  the  following  table  are  shown  the  long-term  precipitation  records  of  four  typit^i 


Fig.  2.— Chart  showing  rainfall  at  Milwaukee,  1837-1904. 

stations  in  this  general  region.     The  rainfall  at  Milwaukee  appears  to  be  considerably 
k\ss  than  the  average  of  the  State. 
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Precipitation  at  MUvxiukee  and  Embarrass,  Wis.,  and  Dtduth  and  St  Paul,  Minn. 


Year. 


Mil-  I  Ero- 
wau-  I  bar- 
kee.    I   rass. 


1845 

'      20.5 

J846 

25.3 

1847 

22.4 

1848. 

33.5 

1849 

31.1 

1850 

26.4 

1851   . 

30  4 

1852 

29.3 

1853 

30.0 

1854..   .   . 

31  7 

1855 

36.0 

1856 

29.0 

1857 

30.9 

1858 

44.9 

1859 

28.9 

I860 

24.0 

1861 

31.9 

1862 

3a3 

1863 

31.8 

1864 

27.8 

1865      

101 

igee -.. 

34.0 

1867 

24-6 

1868 

29.4 

1869 

37.8 

1870 

26.6 

1871 

32.0 

1872..       .   . 

26.2 

1873 

30.6 

1874 

3a8 

Du- 
luth. 


St. 
Paul. 


28.9 
36.3 
34.5 
29.0 
38.8 
39.3 
41.9 
37.7 
28.5 
35.0 
31.0 


27.7 
35.4 
22.8 
17.8 
20.9 
30.6 
26.7 


31.2 
30.1 
38.8 
36.5 


29. 
34. 
30. 
34. 
15. 
14. 
38. 


,      27.9 
33.6 

30.7 

32.2 

32.1 

30.7 

29.6 

34.6 

35.5 

Year. 


1876. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884.. 
1885., 
1886.. 
1887.. 
1888. 
1889.. 
1890. 
1891.. 
1892.. 
1883.. 
1894.. 
1895.. 
1896.. 
1897.. 
1898.. 
1899.. 
1900.. 
1901.. 
1902.. 
1903.. 
1904.. 


Mil- 
wau- 
kee. 


Em- 
bar- 
rass. 


36.6 
50.4 
•  46.2 
38.3 
24.9 

3ao 

39.1 
2&4 
29.5 
30.6 
32.6 
31.5 
30.5 
23.5 
31.7 
30.1 
29.8 
36.0 
32.9 


43.9 
4a9 
34.4 
37.6 
41.6  , 

49.8  I 
67.4 
49.0 
42.2  ' 

62.1  I 
42.6  ' 
46.4 
43.6  , 
43.9 
33.8 
44.0  I 

41.2  I 

44.9  ^ 
23.1 


27.8 

24.9 

16.7 

29.0 

32.4 

31.0 

25.3 

32.4 

2ai 

22.8 

27.8 

30.1 

18.1 

2a6 

23.4 

29.9 

Du- 
luth. 


27.0 
32.3 
34.3 
28.1 
46.3 
38.2 
37.6 
38.0 
23.2 
35.8 
20.0 
33.3 
28.6 
27.3 
32.0 
24.1 
29.6 
28.6 
23.3 
31.7 
22.3 
27.1 
30.9 
19.7 
30.5 
23.1 
26.7 
26.1 
28.0 
24.6 


St. 
Paul. 


30.7 
23.6 
2&7 
22.6 
32.6 
29.8 
39.2 
23.1 
26,6 
26.1 
26.3 
22.9 
26.9 
26.8 
17.1 
23.6 
21.8 
32.6 
26.0 
26.8 
24.3 
34.7 
3a6 
26.3 
27.6 
34.2 
26.8 
31.8 
37.9 
34.1 


FOX  RIVER  SYSTEM. 

DRAINAGE. 

Lake  Winnebago,  the  largest  inland  lake  in  Wisconsin,  divides  Fox  River  into  two  rad- 
ically different  sections,  the  upper  and  the  lower  Fox.  The  upper  river  approaches  from 
the  southeast  to  within  about  a  mile  of  Wisconstn  River  at  Portage,  then  turns  to  the  north- 
east on  its  course  to  Lake  Winnebago.  It  winds,  with  low  banks,  through  broad  savannas 
having  only  a  gentle  slope,  passing  a  total  distance  of  25  miles  through  three  long  lakes 
before  reaching  Lake  Winnebago. 

Mud  Lake.  Buffalo  Lake,  and  Lake  Puckaway  have  been  caused  by  the  deposits  of  alHuents  which 
the  main  stream  has  not  been  able  to  wash  away,  plainly  indicating  that  the  present  upper  Fox  did  not 
erode  its  course,  for  it  has  not  even  the  power  to  keep  itself  free,  but  instead  is  filling  up.  Lake  Butte 
des  Morts  and  Lake  Winnebago  are  depressions  which  the  present  tendency  is  to  fill  up.o 

Major  Warren's  hypotheses  for  these  peculiar  conditions  have  been  widely  accepted,  and 
are  so  interesting  that  they  are  here  given : 

We  have  only  to  suppose  that  all  the  waters  of  Lake  Winnebago  basin  (including  that  of  the  upper 
Fox)  formerly  drained  to  Wisconsin  River;  that  a  slow  change  of  level  in  this  region  elevated  the  south- 
western part  and  depressed  the  northeastern  part  till  a  large  lake  was  formed,  which  finally  overflowed, 
forming  the  course  of  the  lower  Fox.    This  explains  the  present  doubling  back  in  the  course  of  the 


a  Warren,  G.  K.,  Kept,  on  Wisconsin  and  Fox  rivers,  1876. 
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upper  Fox  and  tributaries,  and  it  aoeounts  for  the  close  relation  and  yet  opposite  coones  of  Fox  and 
Wisconsin  rivers.  As  the  level  changed  the  erosion  at  the  outlet  could  not  keep  pace  with  it  and  bo 
prevent  a  lake  forming,  because  a  granite  ridge  lies  near  the  surface  between  the  WisconsiD  and  Bollalo 
Lake.  When  the  lower  Fox  outlet  formed  the  loose  material  covering  the  rocks  rapidly  gave  way  and 
lowered  the  lake  level  down  to  the  rock,  which  now  (1875)  keeps  it  to  its  present  level.  The  period  of 
this  change  was  post-Glacial,  because  this  alluvial  terrace  is  free  from  Glacial  drift,  which  it  could  not 
have  been  if  formed  before  in  a  region  like  this,  surrounded  by  Glacial  drift  deposit. 

UPPER  FOX. 

Fox  River  descends  only  40.4  feet  in  the  95.5  miles  between  Portage  and  Lake  Winne- 
bago— an  average  fall  of  less  than  0.5  foot  to  the  mile. 
The  following  table  shows  the  river  profile  in  detail  as  given  by  United  States  engineers: 

Profile  of  Fox  River  from  Lake  Winnebago  {Oahkosh)  to  Portage  lock  {Fort  Win7t^>ago). 


Distance —      | 

Eleva- 


Descent  between 
points. 


Station. 


Lake  Winnebago 

Eureka  lock ,  crest 

Berlin  lock ,  crest 

White  River  lock ,  crest 

Prijiceton  lock,  crest  (Lake  Puckawa) 

Grand  River  lock ,  crest 

Montello  lock,  crest  (Lake  Buffalo) 

Governor  Bend  lock,  crest 

Fort  Winnebago  lock  ( Portage) ' 


From 
Lake 
Winne- 
bago. 

Be- 
tween 
points. 

tion 

above 

sea  level. 

Total. 

1 

Per  mile 

Miles. 

Maes. 

Feet. 

Feet. 

FeeL 

0 

746. 1 

24.6 

24.6 

74a  8 

2.7 

32.9 

&3 

75a  6 

1.8 

33.9 

10.0 

755.7 

5ul 

43.3 

9.4 

7ea2 

0.4 

o.e 

64.0  { 

2a7 

763.9 

3,7 

67.3  1 

3.3 

76a9 

5.0 

91.4 

24.1 

774.7 

5.8 

95.5 

4.1 

78L6 

•^'l 

Fox  River  has  been  improved  for  navigation  by  the  Federal  Government  along  this  entire 
distance  by  the  building  of  10  locks,  but  the  slight  fall  gives  few  opportunities  for  water 
power. 

The  first  dam  on  the  Fox  is  at  Pardeeville,  where  a  head  of  14  feet  is  available.  Wisconsin 
River  is  about  10  feet  above  Fox  River  at  Portage,  and  this  fall  could  be  utilized  by  a  dam 
near  the  Fort  Winnebago  lock.  A  considerable  quantity  of  water  could  be  discbaiiged 
through  the  canal  with  safety. 

At  Montello,  28  miles  below,  a  turbine  is  installed  under  a  head  of  3  feet,  developing 
power  for  a  gristmill.     No  developed  power  is  in  use  on  the  river  below  this  point. 

The  three  principal  tributaries  of  the  upper  Fox  have  a  fall  of  about  250  feet — much 
greater  than  that  of  the  main  river;  they  are  all  found  on  the  north  side.  These  branches, 
Montello,  Mecan,  and  White  rivers,  start  as  clear,  steady  springs,  running  from  the  sand 
ridges  of  the  drift  covering  that  portion  of  the  basin.  They  are  each  about  20  miles  long, 
and  would  be  unimportant  except  for  the  fact  that  their  fall,  combined  with  their  steadiness 
of  flow,  makes  them  of  considerable  value. 

Montello  River  joins  the  upper  Fox  at  Montello.  A  dam  at  this  point  has  a  head  of  II 
feet,  furnishing  power  for  a  flouring  mill  and  a  woolen  mill.  This  head  could  be  easily 
increased  to  16  feet. 
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The  following  table  shows  the  principal  developed  powers  on  the  tributaries  of  the 
upper  Fox. 

Developed  uxUer  powders  on  tribtUaries  of  upper  Fox  River. 


Location  and  stream. 


Owner  and  use. 


Hatton,  Little  River 

Lawrence,  Duck  Creek 

Manchester,  Grand  River 

Marblehead,  De  Nevue  Creek 

Markesan,  Grand  River ' 

Oxford,  Neenah  Creek • 

Do I 

Pine  River,  Pine  Creek 

Poysippe,  Pine  Creek ' 

Prijiceton,  ditch  from  Mecan  River. . .[ 

Rlpon,  Silver  Creek ' 

Saxevllle,  Pine  Creek ' 

Waumander,  Waumander  Creek | 

Wautoma,  Mecan  River 

Westfleld,  Montello  River 


C.  F.  StoUymaji,  flour  and  feed 

C.  E.  Pierce,  flour  and  fe^d 

G.  Pfelffer,  flour 

D.  I.  Williams,  flour  and  fw^d 

P.  Wieaki,  flour  and  feed ' 

H.  Larmer,  flour  and  feed 

H.  E.  McNutt,  flour  and  feed ' 

Skijiner  6l  Johnson,  flour  and  feed ' 

W.  H.  Paulsen,  flour  and  feed 

Teake  &  Zierka,  flour,  feed,  and  electric  light. . 

Nohr  Milling  Co.,  flour  and  feed 

B.  W.  Ileald,  flour  and  feed 

A.  O.  Ochsner,  flour 

William  Henke,  flour  and  feed 

Cochran  &  Nettlnger,  flour  and  feed ' 


Head. 

H.  P. 

10 

33 

11 

70 

12 

45 

30 

30 

11 

30 

9 

70 

14 

190 

14 

60 

9 

70 

19 

180 

12 

120 

10 

54 

15 

27 

8 

36 

10 

85 

LOWER  FOX. 


GEOLOGY  AND  TOPOGRAPHY. 


East  of  Wolf  River  Valley  is  the  more  prominent  though  similar  valley  of  Green  Bay  and 
Lake  Winnebago.  In  pre-Glacial  time  it  must  have  been  much  smaller  in  size,  having  been 
excavated  to  its  present  great  size  by  the  glacier.  Lake  Winnebago  alone  covers  about  200 
square  miles,  while  the  area  of  the  connecting  valley  below  (lower  Fox  River)  is  400  square 
miles. 

The  western  slope  of  both  valleys  is  gradual,  but  the  eastern  slope  is  precipitous,  being  cut 
out  of  the  soft  Cincinnati  shales  overlain  by  the  hard  "Niagara"  limestone.  The  bed  is 
the  hard  "Galena"  limestone  of  the  "Trenton"  series.  The  eastern  side  of  the  lower  Fox 
River  drainage  basin  rises  abruptly  100  to  200  feet  above  the  water  in  Green  Bay,  and 
continues  as  a  line  of  cUffs  along  the  eastern  shore  of  the  present  Lake  Winnebago,  and 
thence  southward,  though  largely  covered  with  drift  in  the  southern  part  of  the  State.  The 
glacial  action  sent  down  an  immense  ice  sheet,  cutting  out  the  valley  of  Lake  Michigan, 
while  a  branch  tongue  gouged  out  Green  Bay  Valley  to  its  present  sh^.  On  the  peninsula 
between  Green  Bay  and  Lake  Michigan  was  formed  the  prominent  Kettle  Range,  a  medial 
moraine. 

The  floor  of  Green  Bay  Valley  has  a  rapid  rise,  Lake  Winnebago  being  166  feet  above 
Green  Bay.  The  portion  of  the  old  valley  now  occupied  by  the  upper  Fox  was  largely 
filled  with  drift,  and  it  seems  probable  that  to  the  action  of  the  glacier  in  cutting  down 
the  intervening  "  Lower  Magnesian  "  rampart  and  in  partially  filling  the  upper  valley  of  Fox 
River  is  due  the  change  in  the  flow  of  upper  Fox  and  Wolf  rivers  through  the  newly 
enlarged  Gieen  Bay  Valley  to  the  lake.  It  is  also  likely  that  the  change  in  flow  is  partly 
due  to  a  depression  toward  the  north,  which  occurred  during  or  after  the  recession  of  the 
glacier,  as  suggested  by  Major  Warren.  This  depression  caused  an  advance  of  Lake  Michi- 
gan, which  rearranged  the  drift  and  deposited  the  red  clays.  By  means  of  the  latter  this 
ancient  shore  of  the  lake  can  now  be  traced  northward  beyond  Shawano,  on  Wolf  River, 
westward  up  Fox  River  above  Berlin,  and  southward  to  a  few  miles  north  of  Fond  du  Lac. 
Lake  Winnebago  is  a  comparatively  modem  reservoir,  formed  in  the  valley  by  the  deposi- 
tion of  glacial  drift. 
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PROFILE. 


The  table  below  gives  in  detail  the  profile  of  the  river  to-day,  after  the  extensive  naviga- 
tion improvements  by  the  United  States  Government : 

ProfiU  of  Fox  River  from  Lake  Winnebago  (Menasha)  to  Green  Bay. a 


Sution. 


Distance. 


From      Between 
Menasha.    points. 


I     Descent  be- 
Eleva-      tween  point*, 
tion       . 


Menasha  dam,  crest 

Appleton  upper  lock,  crest . 

Appleton  locks,  foot 

Cedars  lock,  crest 

Littlechute  locks: 

Crest 

Foot 

Grand  Kaukauna  locks: 

Crest 

Foot 

Rapide  Croche  lock: 

Crest 

Foot 

Little  Kaukauna  lock: 

Crest 

Foot 

Depere  lock: 

Crest 

Foot 

Green  Bay 


let. 

Mile*. 

ao 

5.1 

5.1 

6.3 

1.2 

9.6 

3.3 

ia6 

1.0 

U.6 

1.0 

13.3 

1.7 

14.2 

.9 

17.9 

a7 

17.9 

.25 

23.9 

6.0 

23.9 

.2 

29.8 

5.9 

29.8 

.0 

35.2 

5.4 

653.8 
603.3 

603.3 
503.9 

593.9  j 
587.7 

587.7 

58ao 
58ao 


.0 
50.5 

.0  1 

a4! 

.0 
ft.2 

.0 

7.  7 
.0 


.0 
56.1 


.0 

r.6 


.0 
31.0 


I 


a  From  United  States  engineer's  profile  of  the  river. 


These  improvements  have  changed  the  river  into  long  stretches  of  slack  wat«r,  with  per- 
haps short  rapids  at  the  foot  of  a  dam,  except  at  Grand  Kaukauna  and  Grand  Chute,  the 
site  of  the  city  of  Appleton,  where  the  rapids  are  passed  by  canals,  while  the  river  flows  over 
its  original  steep  bed. 

RAINFALL.  AND  RUN-OFF. 

The  United  States  engineers  have  maintained  a  gaging  station  at  Rapide  Croche  dam  ever 
since  March,  1896.  The  assistant  engineer  in  charge,  L.  M.  Mann,  states  that  the  crest  of 
'  the  dam  at  this  point  is  well  suited  for  a  weir.  Care  is  taken  to  read  the  gage  three  times 
daily,  the  mean  reading  being  used  to  calculate  the  daily  dischai^. 

According  to  these  records  the  mean  low-water  dischai^  for  the  past  eight  years  was 
1,409  second-feet  and  the  average  discharge  3,007  second-feet;  2,660  second-feet  may  be 
regarded  as  the  ordinary  flow  of  the  river.  Because  of  the  steadying  effect  of  Lake  Winne- 
bago and  the  lakes  above,  formed  by  the  expansion  of  upper  Fox  and  Wolf  rivers,  the  dis- 
charge of  the  river  is  remarkably  uniform.  At  Appleton  the  ordinary  variation  from  low 
to  high  water  is  scarcely  more  than  2  or  3  feet  throu^out  the  year. 

The  following  table  gives  the  maximum,  the  minimum,  and  the  average  flow  for  each 
month  for  nearly  nine  years,  ending  December,  1904,  as  measured  at  Rapide  Croche  dam, 
and  also  the  rainfall  and  run-off  for  the  same  period: 
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Estimated  monthly  discharge  of  lamer  Fox  River  at  Rapide  Croche  dam. 
[Drainage  area,  6,200  square  miles.] 


Month. 


1895. 


January 

February.., 

March 

April 

May 

June 

July 

August.... 
September - 
October 


1896. 


March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


The  year. 


1897. 


Januar>' 

February.. 

March 

April , 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


The  year. 


1808. 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 
October. . . . 


Discharge  in  second-feet,     i 


Run-off. 


Rainfall. 


Maxi- 
mum. 


Mini- 
mum. 


4,972 
5,201 
5,796  I 
12,706 
6,386 
15,416 
11,982 
5,173  I 
5,072  I 
4,185  ! 


Mean. 


i  Second- 
feet  per 
square 
mile. 


2,262 

2,545 

2,062 

3,076 

4,233 

6,628  ' 

3,451 

3,047  i 

2,242  I 

2.071 


Depth  in 
inches. 


3,931 
4,320 
3.947 
8.510  i 
5,610 
12,760  j 
7,612 
4,424 
3,988 
3,417  ' 


0.634  I 
.697  I 
.637  I 

1.87  I 
.905  ! 

2.06    j 

1.23  I 
.714  j 
.643  i 
.551  i 


0.731 
.726 
.734 
1.53 
1.04 
2.30 
1.42 


Ter  cent 
of  rain- 
Inches,         fall. 


.823  I 
.717 


.635  I 


1,739 
1,765 
4,246 
4,605 
3,863 
2,607 
390 
1,888 
2,882 
3,558 


I 


607 
406  I 
1,563  I 
2,173  ' 
880  I 
123  ' 

,^: 

985 

838 


284 

940 

140 

726 

787 

470  j 

146 

065  I 

007  I 

367 


.207  I 
.152  I 
.506  I 
.601  I 
.450  I 
.237 
.024 
.172 
.324 
.382 


.239 
.170 
.583 
.670 
.519 
.273 
.027 
.198 
.362 
.440 


1.14 
4.39  ' 
5.23  I 
2.75  I 
3.09  ' 
3.09  , 
3.23 
2.55 
a06 
1.04 


29.57 


3,795 

1,512 

3,522 

1,297 

5,344 

1,160 

8,728 

3,296 

5,344 

2,519 

4,749 

2,032 

4,071 

1,297 

3.230 

116 

1,588 

272 

2,608 

299 

2,664 

861 

3,770 

80G 

8,728 


158 
196  I 

872  ' 
602  ' 
852 
969  \ 
553  I 
805  I 
795  I 
368  > 


116  , 

1,425  ' 
1,494 
1,782 
2,568 
2,204 
1,604 
438 


442 
383 


2,762  , 

2,765 

2,711 

6,132 

4.016 

3.246 

3,200 

1,881  \ 

833 
1,424 
1.862 
2,314 

2,762 

2.559 
2,350 
2,968 
4,079 
4.743 

3,216 ; 

1,571 
1,817  ' 
1,088 
1,201  [ 


.445 
.446 
.437 
.989 
.648 
.524 
.516 
.303 
.134 
.230 
.300 
.373 


.413 

.380 

.479 

.658  ' 

.765 

.519 

.253  I 

.293 

.175 

.194 


.513 
.464 
.504 
1.10 
.747 
.585 
.505 
.349 
.150 
.265 
.335 
.430 

0.04 

.476 
.397 
.552 
.734 
.882 
.579 
.292 
.338 
.195 
.224 


1.37 
1.17 
2.19 
2.00 
1.74 
5.06 
3.51 
2.00 
2.53 
2.15 
1.50 
.86 


26.08 

.71 
1.21 
2.18 
2.02 
2.75 
3.84 
3.09 
3.00 
2.36 
3.15 


21.0 
3.87 
11.1 
24.4 
16.8 
a83 
.84 
7.76 
11.8 
42.3 


37.5 
39.6 
23.1 
55.0 
42.9 
11.6 
16.9 
17.4 
5.9 
12.3 
22,3 
50.0 


23.2 


67.1 
32.8 
25.3 
36.4 
32.1 
15.1 
9.45 
11.3 
8.25 
7.10 
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Estimated  monthly  discharge  of  lower  Fox  River  at  Rapide  Croehe  dam — Continued. 


Month. 


November. 
December. . 


The  year. 


Janunry 

February.. 

March 

April 

May 

June 

July 

August 

September. 
October.... 
November. 
December.. 


1899.. 


The  year. 


1900. 


January' . . . 
February.. 
March..... 
April...... 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


The  year. 


January 

February . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November., 
December.. 


The  year. 


Discharge  in  second-feet. 


Maxi- 
mum. 


2,726 
2,805 


Mini- 
mum. 


Mean. 


Run-off. 


Second- 
feet  per 
square 
mile. 


6,852  ; 


8,767 


9,597 


4,349 
4,634 
6,431 
12,033 
6,905 
5,087 
4,557 
3,846 
1,687 
3,873 
3,873 
3,672 


12,033  I 


1,234 
994 


2,213 
2,175 


Depth  in 
inch^. 


a  357 
.351 


383 


2,499  I 


.403 


771 
1,014  ' 

995 
1,447  I 
3,787 
4,018 
1,741 
791 
707  j 
398  I 
613  I 
105 


1,905 
2,075 
2,252 
3,657 
6,209 
6,298 
3,786 
1,836 
968 
1,144 
2,119 
2,042 


.307 
.335 
.363 
.500 
1.00 
1.02 
.611 
.206 
.150 
.186 
.342 
.330 


0.306 
.405 


&47 


105 


2,850 


.461 


2,684  1 

841  1 

3,024 

1,044 

3,677 

1,110  1 

4,355 

1,107  ! 

4,054 

1,383, 

2,208 

258 

2,413  1 

131  1 

2,646 

1.057 

3,518  1 

1,107  ; 

8,036 

1,734! 

9,507  j 

4,048 

8,222 

1,668 

2,174  j 
2,247 
2,656  I 
3,414 
2,076  ' 
873  I 
058  I 
1,831  * 
2,021  I 
5,230 
8,062  I 
4,363  ' 


.351 
.362 
.412 
.651 
.480 
.141 
.164 
.205 
.326  I 
.844  I 
1.30 
.702  I 


.354 
.349 
.418 
.658 
1.15 
1.14 
.704 
.341 
.177 
.213 
.382 
.370 


RainfalL 


Indies. 


Percent 
of  rain- 
fall. 


1.40] 
.35  . 


26.15 


6.26 


.405 
.377 
.475 
.615 
.653 
.157 
.178 
.340 
.364 
.073 
1.45 
.800 


1.12 
.00 
2.31 
3.00 
3.08 
5l40 
3.20 
2.73 
2.68 
3.03 
.74 
1.47 


20.74 


.74 
1.56 
1.09 
2.82 
1.61 
2.68 
6.45 
4.30 
6.17 
7.06 
1.57 

.60 


131 


.403 


6.70 


36.76 


1,039  I 
1,825 
1,742 
2,469 
3,453 
1,741 
2,045  : 
1,130 
675 
9,910 
1,640 
1,464 


3.526  I 

3,773 

3,839  I 

8,060  I 

4,004  I 

3,723 

3,501 

2,176 

1,221 

2,551 

3,256 

2,768 


I 


.560  I 
.609 
.610 
1.45 
.806 
.600 
.565 
.351 
.107 
.411 
.525 
.446 


.634  I 
.714 


.90  I 
.46 
3.04 


1.62 

.70 

.028  1 

2.72 

.669 

4.62 

'          .651 

6.41 

.405  , 

2.38  1 

.230, 

3.06  1 

.474 

2.03 

.586  1 

1.25 

.514  1 

.81 

075 


3,691  , 


.506 


8.07 


30.27 


26-7 
116.0 


2a9 


3L6 
38.8 

1&3 
21.9 
37.3 
21.2 
2L4 
12.5 
6160 
7.05 
6L6 
25.4 


21.1 


54.7 
24.2 
43.6 
21.8 
34.5 

2.76 
7.91 
5.00 
13.7 
92.4 
117.0 


1&2 


72.9 
138.0 
23.5 

ao&o 

34.1 
U5 

ia2 

17.2 
5.56 
16.2 
46.9 
63.5 
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25 


Estimated  monthly  discharge  oflaurr  Fox  River  at  Rapide  Croche  dam — Continued. 


Month. 


1902. 

Januarj* 

FebniHry 

March 

April 

May 

June 

July 

August 

September 

October 

November , 

December 

The  year 

1903. 

January 

February 

March 

April 

May 

June , 

July 

August , 

SeptemlxT 

October 

November 

December 

The  year , 

1904. 

Januar>' 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 11.682 


Discharge  iti  seeo 

nd-feet. 

Run-off. 

Rainfall. 

Maxi- 
mum. 

Mini- 
mum. 

Me^in. 

Sccond- 

fj-et  per 

square. 

mile. 

Depth  in 
inches. 

Inches. 

Per  cent 
of  rain- 
fall. 

3,136 

7(»5 

2,263 

0.365 

0.421 

0.69 

61.1 

3,480 

696 

2,142 

.345 

.359 

1.53 

23.5 

4,019 

1,135 

2,892 

.460 

.537 

1.60 

36.8 

3.252 

947 

2,335 

.377 

.421 

2.42 

17.4 

12,317 

1.471 

4.935 

.790 

.918 

4.02 

22.8 

11.868 

.3.491 

0,9.'» 

1.12 

1.25 

3.89 

22.1 

5.703 

1,647 

4.304 

.694 

.800 

5.47 

14.6 

4.086 

1,311 

2,806 

.407 

.,538 

1.40 

38.4 

1.8().5 

515 

1,200 

.204 

.228 

2.81 

8.11 

3,024 

435 

1,818 

.293 

.338 

1.94 

17.4 

3,184 

750 

2.394 

.380 

.431 

2.90 

14.9 

3,100 

892 

2.274 

.367 

.423 

1.93 

21.9 

12,317 

435 

3.037 

.490 

6.66 

30.50 

21.8 

3,750 

1,206 

2,760 

.445 

.513 

.47 

100.5 

3,652 

1.675 

2.949 

.476 

.496 

.80 

62.0 

8,437 

1.780 

3.827 

.617 

.711 

3.12 

22.8 

9,297 

3.886 

6,500 

1.05 

1.17 

3.14 

37.3 

7,378 

3,043 

5,532 

.892 

1.03 

5.87 

17.5 

0,791 

2,<>56 

5,061 

.816 

.910 

2.14 

42.6 

5,571 

1,856 

4,124 

.605 

.767 

5.47 

14.0 

4.449 

1,438 

3.446 

.550 

.641 

6.23 

10.3 

5.519 

1,829 

4,321 

.697 

.778 

5.91 

13.2 

5,820 

2.500 

4,680 

.750 

.872 

2.75 

31.7 

5.077 

1,733 

3,686 

.595 

.664 

1.14 

68.3 

3,702 

1,319 

^.885 

.4(>5 

.^36 

.71 

76.6 

9.297 

1,206 

4.148 

.009 
.496 

9.09 

37.75 

24.1 

3,809 

1,185 

3,074 

.571 

.38 

150.0 

4,134 

1,565 

3.128 

.505 

.545 

1.46 

37.6 

7,425 

1,724 

3,398 

.548 

.632 

1.80 

35.1 

9,637 

1,612 

6.669 

1.08 

1.20 

1.86 

64.6 

11,682 

4,456 

8,707 

1.40 

1.61 

5.93 

27.1 

9,793 

2,330 

6.682 

1.08 

1.20 

3.99 

30.1 

4.111 

1,410 

3.105 

.501 

.578 

3.98 

14.5 

4,043 

1.551 

2.985 

.481 

.5M 

3.01 

18.4 

2,631 

988 

1.854 

.299 

.334 

5.  75 

5.81 

6,434 

1,324 

3.457 

.558 

.(>43 

4.73 

13.6* 

6,935 

1,667 

4.a'»<i 

.O.M 

.730 

.30 

243.5 

4.594 

1.812 

3.618 

.584 

.  673 

2.13 

31.6 

4.228 


35.31 
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26  WATER   POWERS    OF    NORTHERN    WISCONSIN. 

Mean  daily  discharge,  in  secoTid-feet,  of  lower  Fox  River  at  Rapide  Croche  dam. 


Dav. 


Jan.      Ft'b.      Mar.      Apr.     May. 


1 '     3.012 

2 2,2<i2 


10. 
11. 
12. 
13. 


3,:i50 
3,7M 
4,447 
4,2«i9 
4.285 
3  024 
2,9(>7 
4.244 
4,422 
4..'»94 
4..V>9 

14 4,102 

15 3,112' 

16 2,497 

17 3,916 

4,244] 
4,602) 
4,654 
4,619' 
3,027, 
2,9<)3l 
4,742 
4.829 
4,. 576 
4,972 


18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Total . 
1896. 


2. 
3. 
4. 

5. 

6. 

7. 

8. 
•9. 
10. 
11. 
12. 
13. 
14. 
15, 
16. 
17. 
18. 
19. 
2U. 


I 
4,653 

3,413j. 

3,137|. 
4,576,. 


4.672 
4,328 
4,766 
5.164 
3,765 
2.689 
4.785 
4.973 
5.()«13 
5,009 
5,173 
4,061 
2,892 
4,830 
5,201 
4.785 
4,723 
4,637 
3.. 369 
2,545 
4,839 
4,910 
4,847 
4,777 
4,356 
3,055 
2,575 
4,186 


4,697 

4.798 

4,373 

4.438 

3,185 

5.852 

4,285 

3,076 

5,880 

4,2(i0 

5,064 

5,910 

2,846 

5,.59.'i 

5,949 

2.611 

5,998 

6.135 

3.982 

5.804 

4,493 

3,9y8 

7,a'->2 

4,2.3;J 

4.021 

8,803 

5,546 

4.419 

9.422 

6,386 

4,214 

11,435 

6,  l.'i5 

2,704, 

12,^54 

6,a37 

2.  AH 

12.706 

6,066 

2,062, 

12, 187 

4.642 

3.892 

12,033 

4,399 

3.685 

ll,0<i3 

6,179 

3,876' 

11,110 

6,165 

4,313 

11,637 

6,274 

2,529', 

12,277 

5,891 

2.098' 

11.879 

6,115 

4.228 

10,336 

4,803 

4,490 

10,639 

4,386 

5,796 

9,406 

5,804 

5,757 

9,032 

6,047 

5,626 

9.208 

5,880 

4,508 

7,661 

5,880 

^,546 

5,862 

5,841 

4,353 

6.164 

4,566 

4,268 

6,144 

5,129 

4.395 

3.362 

6,597 

4,185 

6,312 

June.    July.     Aug.     Sept.     Oct.      Nov.      Dpc. 


6,628 
7,339 
6,935 
7,225 
8,277 
15,416 
14.244 
14,178 
15,132 
14.286 
14,122 
14,060' 
14.559 
14.585 
14,219 
14,365 
14,588 
13,981 
14,277 
14,279 
14, 191 
13,419 
13,674 
13,513| 
12,5241 
11,892! 
14,021 
12,265j 
12,509 
12.251 


121,850  120,975  122,346  255, '292  173,925  382,954  235 


888 

1,272 

2,406 

697 

1,027 

2,088 

1,386 

922 

1,563 

l.W 

760 

1,639 

1,395, 

1.048 

3,493 

1,338 

780 

3,166 

1,430^ 

761, 

3,312 

1.113 

922 

2,993 

919 

859 

3,230 

l,271j 

964 

2,032 

1,479| 

859 

1,575 

1,407 

406 

3,361 

1,407 

644 

3.427 

1,271 

859 

3,476 

981 

922 

3,5.58 

837 

985 

3,396 

1,437 

1,04.8 

2.686 

1,248 

985 

2,4«jO 

1,486 

644 

3,591 

1,366. 

60S. 

3,897 

J 


2,780j 
4.246[ 
4,246 
4,141 
4,282 
3,967! 
3,897; 
3,135J 
4,461 
4,282 
4,605 
4,389 
4,106 
3,296 
2,913 
4,0371 
3,796 
3,897 
3,897 
3,897 


982 
639 
433 
585 
664 
&39 
415 
206 
865 
416 
803 
124 
066 
760 
521 
165 
699 
860 
873 
597 
577 
804 
583 
451 
797 
179 
498 
545 
192 
562 
480 


4.884 
4,963 
4.964 
4,936 
5,173 
3,411 
3,385 
4,382 
4,847 
4.898 
4,242 
AM' 
3,577 
3,383 
4.849 
4,937 
4,937 
5,027' 
4,785 
3,047 
3,526 
4,794' 
4,892 
5,036 
5,019' 
4,804' 
3,593 
3,518 

4,086' 
4,26' 


4,098 
5,072 
3,387 
3.048 
3,788 
4,102 
4,487 
4,395 
4.430 
3.969 
3,106 
4,372 
4,144 
4.327 
4,447| 
4,243 
2,856 
2,826 
4,236 
4,405 
4,447 
4,294 
4,337 
2,974 
2,242 
4.030 
4,421 
4,102 
4,285. 
4,127 


989  137,156  119,65: 


604 

728, 
761 
032 
880 
820 
592| 

3941 

I 
863. 

728; 

76r 

201 

952 

592 

525 

525! 

604 

296 

872 

6721 


912 

1,048 

1,512' 

2,314 

2,461 

2,578 

2,607 

2,490' 

I 

1,250 

1,3921 

1,818 

1,818 

1,765 

1,723 

2,006 

985 

1,352 

2.006 

2,032 

2,06l| 


2,071  . 
2,132. 
3,546. 
3,584. 
3,366. 
3,554. 
3.932. 
3,a57  . 
2.504  . 
3.»i9. 
3,971  . 
4,022  . 
3.884. 
3,764. 
2,774. 
2,227. 
3,955. 
4,052. 
4,086. 
3,939. 
3,956. 
"*2,0S8. 
2,173. 
3,917. 
4.021  . 
4,060. 
4.081  . 
4,160. 
2,710  . 
2,263. 
4,185. 

105.942. 


250 

298 

179 

78 

36 

36 

179 

328 

390'  880 
122|  1,093 
608 
779 
1,093 
964* 
022 


145 
608. 

608 
683,! 

1,440 
880j 

1,070 


I 
192, 

136 

48 

48 

205 

145 

192 

134 

78 


1,138| 
608' 

722I 
1»6|    1,362; 


985 
1.048 
1.512; 
1.537 
1,872 
1,872 
1,792 
1,563 
1.093 
2,201 
2,229 
2,638 
2,729 
2,729 
1,115 
1,160 
2,460 
2,729 
2,668 
2,729. 


2,JCI 
a  135 
3,230 
3,558 
3,135 
1.952 
2.372 
2.821 
2,789 
2.913 
2,913 
2,729 
1,647 
1,6.-2 
2,519 
2,460 
2.607 
2,578 
2,578 
l,o63 
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FOX    RIVER    SYSTEM.  27 

Mean  daily  discharge ^  in  second-feet,  of  lower  Fox  River  at  Rapide  Croche  dam — Continued. 


Day. 


Jan.      Feb.     Mar.      Apr.     May.    Juno.    July.     Aug. 


i89f'.  : 

21 1,414 

22 1,024' 

23 1,024' 


24. 
25. 
26. 

27. 
28. 


1,739 

1,461 

1,224' 

1,179, 

1,605 

29 ;  1,337 

30 1,522 

31 ^  1,707 


943 

943' 

901' 

985' 

1,273 

556* 

780 

1,027 

1,7&'> 

1,765 

I 


3,897 
3,897 
4,071 
2,729| 
2,387 
3,932 
4,246 
4,071 
4,161 
4,071 


2,431 
2,461 
3,967 
4,211 
3,932 
4,141 
3,807 
2,608 
2, 173 
3,693 


2,913 
2,607 
2,314 
2,607, 
2,607 
1,563 
l,563l 
2,913| 
2,660 
2,490' 


2,519 2,578 


2,006 
1,899 
2,454 
&<8 
327 
123 
259 
375 
406 
453 
312 


Sept. 


134i 
36' 
II2I 
J22' 

374! 
134' 


Oct. 


1,64: 
1,440 
1,563 
1,613 
543 
5.'>6 
1,440 
1,272 
1,845 
1,888 
1,672' 


Nov.      Dec. 


882 
639 
440 
608 
7^ 
8211 
669I 
818 
205 
672 


1,613 
2.519 
2,460 
2,431 

838 
1,160 

838 
1,792 
2,913 
2,607 
2,229 


Total '  39,818'  28,213  97, a30  111,793  86,406  45,582 


1897. 


1 2,201 

2 2,173 

3 1,512 

4 2,088 

5 2,780 

6 3,104 

7 3,394 

8 3,008, 

9 2,759' 


I 


10. 
11. 
12. 
13. 
14. 
15. 
16. 


2,607 

2,286 

3,072 

3,198 

3,072 

3,040 

2,788^ 

17 1,644 


18. 
19. 
20. 
21. 
22. 
23. 


1,872 

3,230 

'  3,795 

3,-459 

3,198 

'  3,394 

24 '  2,759! 

25 1,899 

26 1  2,945 

27 '  2,945 

28 3,103 

29 3,361. 

30 3,103. 

31 1,818. 


1,563. 
3,040 
3,361 
3,103 
3,072 
3,263 
1,440 
1,563 
3,008 
3,361 
3,040 
3,1981 
3,198j 
2.189 
1,297 
3,103 
3,072 
3,230 
3,198 
3,361 
1,639, 
1,723 
3,135. 
3,522| 
3,378 
3,458 
3,135] 
1,765 


1,472 
3,263 
3,263 
3,135 
3,395, 
2,608 
1,183 
1,39,3 
2,431' 
2,490 
2, 3161 
2,578 
2,461 
1,512 
1,160 
2,490 
2,314 
2,619| 
3,460 
5,344, 
2,82l' 
2,461 
3,604 
3,626 
3,328 
3,394 
3,135 
1,512 
1,962 
3,394 
3,094, 


5,344' 
4,07l! 
4,002' 
4,886 
5,079, 
4,713 
4,605 
4,354 
3,198 
2,759 
4,354 
4,497 
4.461* 
4,14l| 
4,425 
3,329 
2,913 
4,106 
4,282 
4,425 
4,318 
4,461 
3,072 
2,759' 
4,14l' 
4,246 
4,246 
4,071 
4,071 
2,638 
2,519 


3,263 
3,659 
3,727 
3,727 
3,761 
2,201 
2,402 
3,361 
3,230 
3,329 
3,459 
3,659 
2,229 
2,229; 
3,394 
4,749 
4,037J 
3,727| 
3,727, 
2,286' 
2,314 
3,525 
3,525 
3,592 
3,263J 
3,528 
2,343 
2,032' 
3,932 
3,727 


3,761 
3,863 
4,037 
2,490 
1,297 
2,173 
4,002 
4,071 
3,932 
3,932 
2,402! 
2,402| 
3,450' 
3,558 
3,604 
3,897 
3,604 
2,229 
2,006 
3,304 
3,558 
3,761 
3,694 
3,525 
1,926 
2,117 
3,008 
3,198 
3,394 
3,394 
3,329! 


4,388   33,013;  60,204!  73,392 


2,314 
i,765 
3,103 
3,103 
3,230 
3,072 
3,040 
1,926 
1,416 
2,760 
2,608 
2,490 
2,490 
2,608 
1,440 
1,345 
3,431 
2,638 
2,431 
1,76.5 
1,093 
1,048 
l,a52 
1,273 
1,273' 
90l| 
1,160 
343 
374 
116| 
403 


468j 
621 
343 
328 
328 

aeo 

272 

539 

702 

556 

664| 

390* 

390^ 

819: 

1,416| 

1,588, 

1,440' 

1,205 

761 

702 

943 

1,205 

1,393' 

1,369| 

1,160, 

644. 

838 

1,138 

1,183 

1,183 


1,160 

1,070 

702 

556, 

1,138< 

1,115! 

1,160 

1,183, 

985 

741 

556 

1,345 

1,512 

1,512 

1,897 

1,952 

1,048 

722 

1,807] 

2,061j 

l,807j 

1,897, 

299' 

1,115 

1,239 

2,117 

2,490 

2,373 

2,608 

2,286 

1,512. 


1,160 
1,983' 
2,209 
2,615 
2,642 
2,664! 
1,973 
1,390' 
l,86l' 
1,964 
1,912 
1,964 
2,183 
1,481 
1,092 

i,8;« 

1,912 
1,964! 
2,432' 
2,412 
1,387 
861 
2,045 
1,207 
2,476 
2,107 
2,148 
1,281 
1,097 
1,602 


1,820 
1,832 
2,128 
2,226 
1,638 
1.196 
2,401 
2,474 
2,497 
2,748 
2,568 
1,905 
1,102 
2,512 
3,409 
3,430 
3,770 
1,880 
2,213 
1,550 
2,424 
2,665 
2,642 
2,732 
1,878 
806 
1,657 
2,900 
2,808 
2,923 
2,960 


Total...    85,616   77,415  84,063  183,948124,486197,397   99,197158,311    24,978^44,145  55,857   71,721 


I 

1806.  I 

1 3,063 

2 2,099' 

3 1,425 

4 2,535 

6 3,000j 

6 1  3,03o| 


2,793 
2,762, 
2,931 
3,196! 
3,062 
2,038| 


2,676, 
2,608; 
2,753! 
2,908 
2,752 
1,6991 


4,056 
4,176 
2,846 
2,568 
3,800 
4,072. 


3,776 
3,799 
5,508 
5,016 
6,668, 
6,862i 


4,969 
4,522, 
4,579 
4,397 
3,578 
2,388; 


2,553 
2,496' 
1,7 

438 
1,868 
1,866 


876 

1,652 

1,546 

1,795 

1,649 

1,639 

1,670 

1,317 

1,685 

726 

1,667, 

1,464 

602 
654 
517 

857J 

^\ 

771 


2,609 
2,351 
2,237 
2,134 
2,187: 
1,4671 


2,806 
2,766 
2,714 
1,780 
1,647 
2,470 
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28  WATER   POWKR8    OF    NORTHERN    WISCONSIN. 

Mean  daily  discharge,  in  second-feet,  of  lower  Fox  Rit'er  at  Rapide  Croche  dam — Contimied. 


Day. 


Jan.      Feb.      Mar.     Apr.  |  May.    June.  '  July.     Aug.     Sept.  '   Oct.  .  Nov.  |  Dec. 


1898. 

7 2,94(i 

8 2,977 

9 \  1,873 

10 1,396 

11 2.9.'>3 

12 2,9f.9 

13 j  2.901 

14 '  2,94ti 

15 '  3,079 

16 1  l,M(i4 

17 i  i.-'ioy 

18 1  2,908 

19 '  2,799 

20 !  3,078 

21 2,N-i9 

22 2,915 

23 1  1,925 

24 1  1,741 

25 2.Wi2 

26 2,985 

27 3,077 

28 ■  3,158 

29 2,964 

30 1  1,851 

31 1,461 

Total...  79,317 

1899. 

1 1,533 

2 1,488 

3 2,366 

4 2,417 

5 2,187 

6 2,393 

7 2,173 

8 1,406 

9 I,4<i5 

10 2,316 

11 2,3'29 

12 2,316' 

13 1  2,106 

14 2,406 

15 1,514 

16 !  1,604 

17 2,254 

18 2,379 

19 1  2,3.'>2 

20 2,347 

21 2,^30 

22 1,409 

23 1..506 

24 1  1,729 

25 .*!  1,562 

26 1  i,oeo| 


I 


l,7(i6  1,782' 

2,504*  3,064| 

2,665  3,669 

2,583  3,76ll 

2,701  3,. 394 

2,679!  3,192 

1,72.3  1,868 

1,578  1,902 

2,331  3,224 

2,549  3,288 

2,490  3,111 

2,468  3,13.-)| 

2,497  3,43.''., 

1,5'28  1,938 

1,587  2,23.5 

2,403  3,280 

2,409  3,200 

2,.505  3,122 

2,403  o,643 

2,.'i05  3,361 

1,494  2,.565 

1,914  3,035 

3,872 

3,728 

I  3,736 


4,159 

4,115 

4,1.501 

2,925 

2,837* 

4,291 

4,27.3J 

4,a54l 

4,189' 

4,301 

2,924' 

3,025 

4,372 

4,650 

4,776 

5,692 

4,894| 

3, 176 

3,462* 

4,a56| 

5,089 

5,136 

4,76: 

4,839 


I 

6,098; 

4,921 

4,3.33 

5,889 

5,904 

5,683 

5,487 

5,432; 

4,018 

3,4.57 

4,.V.l 

5.088 

4,758' 

4,647| 

4,739 

3,5771 

3,157 

4,338 

4.594 

I 

4,471 

4,739 

4,612 

3,857' 

2,204 

4,872'. 


4,018 
4,408 
4,276 
4.175. 
4,364 
3.215 
2,524 
3,690 
3,7a3' 
3,7i3| 
3,167 
3,69o| 
2,343 
2,076' 
2,453! 
2,623 
2,603 
2,624* 
2,488| 
1,623 
1,604 
1,863 
2,230 
2,567| 


1,7( 

1,639 

1,466 

1,096 

1,042 

1,535 

1,757| 

1,798, 

1,842 

1.792 

1,074 

1.245 

l,609j 

l,639j 

1,616 

1,664 


973 
,074' 


1,532' 
1,629 


801 
1,024 


1,663,     1,735,        383 


1,685     1,714;        638 


1,685' 
1,088 
089 
1.S57 
1,641| 
1,618 
1,687 
l,66l| 
1,117 


1,695* 
1,660 
1,835: 
1,213' 
l,22li 
1,765| 
2,273 
2,460 
2,805j 
2,752 
2,024| 

m 
2,57 
2,579 

2,482 
2,468 
2,672 
1,942 
1,195 
1,848 


1.133 
750| 
1,288 
1,115 
1,186 
l.MO 
I.ITTJ 
778 


442' 


006 

933J 
676 
491 
681 
09: 

87: 

603 


1,056 
1,092 
1,246 
1,155 
1,156 

745 

7.55 
1,300 
1,178 
1,304 
1,892 
1,866 
1,136 

760 
2,043! 
1,8161 
1,846; 
2,064;     1,«)2 


1,234 
2,617 
2,475 
2,486 
2,497 
2,642 
1,643 
1,451 
2,438 
2.45S 
2,552 
2,663 
2,482 
1,747 
1,281 
2,704; 
2,649| 
2,499' 
2,725| 
2,672. 
1,486 


2,233| 
1,489' 
2,368. 


2,606 
2,619 


2,609 
2,699 
2.572 
1,379 
2,1.53 
1,539 
2,345 
2.637 
2,791 
2,715 
2,215 
1,343 
1,462 
2,453 
2,409 
2,398 
2,241 
2,303 
9»4 
1,017 
1,644 
2,412 
2,446 
2,315 
2,244 


66.064   92,02ti  122.360 147,045   96,483   48,707   56,326i  32,629'  37,239   66,397   67,435 


2,111 
2,174' 
2,275 
2,261 
1,453 
2,458 
2, 175 
1,303 
2,681 
2,572 
2,810| 
2,047' 
l,71i: 
2,588 
2,646 
2,534 
2,019 
2,453 
1,243 
1,291' 
1,902 
2,117, 
2,152 
1,995 
2,104 
1,3951 


1,931 

3,279 

3,787, 

2,113 

1,837 

5,020 

2,134 

1,447 

5,121| 

2,113 

3,756 

5,417 

l,a-)2 

4,249 

5,395 

1,279 

4,641 

5,500, 

1,976 

4.839 

4,446' 

1,932 

4,425 

4,1451 

2,027 

2,823 

5,924 

2,062 

2,249 

6,192 

2,034 

3,741 

6,618 

2,3.>5 

3.821 

7.601 

l,3,'«i 

3,812 

8,050^ 

1,913 

3,976 

7,301 

2,289 

3,721 

7, 7631 

2,092 

2,199 

8,562 

2,612 

2,004 

8,767 

2,5.53 

3,461 

7,838' 

1,.553 

3,946 

8,421 

995 

3,778 

8,431 

2,731 

3,955 

7,046 

3,001 

4,154 

6,272 

2,7.><i 

2,708 

5.263 

2,832 

2.813 

5,333 

2,829 

4,336 

5,4,51' 

1,910 

4,524 

5,263| 

6,209 

6,042 

3,345 

1,292 

831 

2,104 

2,305 

6,238 

4,031 

3,606 

1,437 

764 

2,648 

2,455 

5,4321 

3,133 

3,121 

842 

1>560 

2,642 

1,667 

4,733' 

3,678 

2.396 

1,003 

1,037 

2,446 

952 

4,018 

3,361 

2,418 

1,411 

996 

1,742 

2,649 

5,518j 

4,923 

1,745 

1,121 

1,193 

1,261 

2,411 

5,633 

5,171 

956 

991 

1,100 

2,679 

2,475 

5,565J 

4,726 

2,043 

953 

928 

2,622 

2,572 

5,062 

3,942 

2,585 

996 

774 

2,523 

2,530 

5,300 

3,019 

2,394 

792 

964 

2,635 

1,775 

4,406J 

4,692 

2,343 

678 

922 

2,619 

1,030 

4,334! 

4,715 

2,357 

946 

1,056 

1,800 

2,366 

5,878 

4,882 

1,647 

826 

1,144 

1,143 

2.498 

7,091 

4,852 

1,250 

891 

982 

2,187 

2,352 

7,080 

4,974 

1,862 

889 

779 

^,381 

2,395 

7,681 

3,773 

1,812 

831 

396 

2,351 

2,339 

7,408 

3,021 

1,829 

831 

969 

2,352 

1,780 

6,702 

4,516 

1,946 

1,001 

1,039 

2,261 

1,259 

6,853 

4,511 

1,973 

1,166 

1,179 

i,n4 

2,676 

8,123 

4,186 

1,026 

996 

1,304 

613 

2,381 

8.095 

3,881, 

1,163 

1,039 

1,327 

2,301 

2,388 

8.571I 

3,70l| 

1,678 

991 

886 

2,205 

2,417 

8,515 

2,459 

1,609 

856 

686 

2,237 

2,497 

8,277 

1,741' 

1,772 

707 

1,480 

2,209 

1,752 

7,338 

3,193 

1,317 

719 

1,631 

2,362 

105 

6,694 

3,336i 

1,330 

922I 

1,404 

1,873{ 

958 
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Mean  daily  discharge y  in  second-feet,  of  lower  Fox  River  at  Rapide  Croche  dam — Continued. 


Day. 


Jan.      Feb.  '  Mar.  I  Apr.  '  May.  '  June.    July. 


1899.  I 

27 1  i,m 

28 '  771 

29 1,506' 

30 1,346 

31 1,80.3 

Total...  59,044 

1900.  I 

1 '  841 

2 1  2,352 

3 2,301 

4 '  2,406 

5 1  2,479 

6 1  2,568 

7 1  1,576 

8 1  1,213 

9 2,406* 

10 2,669 

11 2,684 

12 2,646 

13 2,677 

14 1,736 

15 1,236 

16 j  2,527 

17 2,424 

18 2,6.39 

19 2,534 

20 2,6.57 

21 1,719 

22 1,043 

23 2,032 

24 2,549 

25 2,461 

26 2,579 

27 2,420 

28 1,508 

29 1,219 

30 2,166 

31 1  2,439 

Total...  67,396 

1901. 

1 3,822 

2 4,000| 

3 4,215, 

4 4,202 

5 4,253' 

6 3,016 

7 2,043 

8 3,939 

9 4,279 

10 4,349 

11 4,159 

12 4,009 


1,014 
2,007 


1,243 
3,192| 
3,297, 
3,325| 


4,56.y 
5,707 
4,913 
3,947 


5,525 
5,898 
5,  KM) 
5,466 


7,372 
6,029 
5,797 
5,007 


3,435 5,513 


3,364 
3,395 
3,232; 
2,051 
1,982 


58,091  69,802  109,716  192,489  188.928  117, 38.S 


2,395 

2,432 

2,454 

2,366i 

2,468 

1,107 

2,446 

2,490 

3,,554 

1,641 

1,707 

3,846 

1,044 

1,110 

3,967 

2,366 

1,342 

4,063 

2,381 

2,576 

3,791 

3,024, 

2,639 

2,903 

2,420' 

2,614 

1,751 

2,398| 

2,636 

3,510 

l,675j 

1,921 

3,770 

l,07l' 

1,352 

4,067 

2,316 

2,666 

4,006 

2,654 

2,973 

4,080 

2,707 

3,036 

2,560 

2,729 

2,961 

2,237 

2,662 

2,935 

3,942 

1,80.5 

2,069 

4,355 

1,314 

1,354 

4,089 

2,861 

2,710 

4,137 

2,840 

2,832 

4,072 

2,606 

2,904 

2,932 

2,687 

2,9,54 

1,977 

2,646 

3,296 

3,a56 

1,434 

2,259 

4,089 

1,296 

1,300 

4,106 

2,411 

3,159 

4,063 

2,624 

3,644 

4,225 

1 

3,677 

2,862 



3,560 

2,064 

' 

3,652 

3,(i;jfi 

3,882 
4,028 
4,010 
4,054 
2,779 
1,674' 
2,461' 
2,283; 
2,275 
2,240 
2,285 
1,784 
1,753 
3,74ll 
3,989j 
3,799| 
3,885 
3,791 
2,  Wis 
2,105! 
3,729 
3,937 
3,872 
3,889! 
3,694 
2,. 539 
1,383 
2,103 
2,149 
1,859 


1,482 
1,574 
1,375' 
1,102 
1,929 
2,208' 
2,08.5! 
1,467| 
1,302^ 
989| 
1,013 
1,217' 
1,189' 

3.53 
497 
394 
437 
573 
5^3 
569 
58.5 
264 
262 
396 
258 
360 
298' 
386' 
341' 


276 

511 

319 

131 

820 

352 

345 

294 

365 

473 

.153 

333 

394 

382 

538 

979 

1,176 

1,067 

907 

1,192 

1,152 

799 

1,170 

1,846 

2,047 

1,982 

1,979 

1,905 

1,536 

1,672 

2,413 


Aug. 

Sept. 

Oct.   j  Nov. 

Dec. 

1 
944I 

1,1.38 

I 

1,829        905 

2,123 

791 

1,099 

2,029     2,329 

2,185 

1,307 
1,351 

1,206 
l,Ui6 

1,493     2,159 
769     2,330 

2,417 
2,241 

1,299 

2,079  

1,659 

.56,913 

1 

29,K~3 

.15,450   63..573 

63,299 

2,6461 
2,106* 

1,976 
1,640 

1,734     9,535 
4,007     9,397 

6,C08 
4,372 

1,946 

1,421 

5,185     9,597 

3,512 

1,966 

1,962 

5,479     8,225 

5,674 

1,638 
1,287 
1,9.56 
1,912! 
2,075 
1,973 
2,043 
1,498 
1,057 
1,82,5 
l,9a5, 
1,889' 
2,039 
2,002 
1,434' 
l,120j 
2,120 
2,007! 
1,875* 
1,966| 
1,924 
1,440{ 
1,115' 
1,912! 
1,928! 
2,127| 
2,023|. 

r 


2.141 
1,894 
2,a50 
2,113 
1,333 
1,143 
1,973 
2,071 
2,187 
2.075 
2,184 
1,163 
1,167 
1,949 
1,899 
2,062 
2,020 
2,160 
1,4331 
1,1071 
2,329 
2,891 
2,810 
3,391 
3,518 
2,561 


4,846 
4,758 
3,657 
2,848 
4,827 
5,165 
5,117 
4,813 
4,668 
3,5,59 
3,028 
4,461 
4,885 
5,285 
5,254 
5,703 
4,599^ 
4,225 
6,51o| 
6,270 
7,427 
7,572 
7,624, 
6,393 
6,336 
7,855' 
8,036' 


7,650 
8,989 
9,039 
8,418 
8,658 
9,260 
7,830 
7,567 
8,775 
8,456 
8,076 
6,611 
6,900 
5,654 
4,948 
7,536 
7,875 
8,249 
8,189 
8,792 
7,100 
6,917 
8,415 
8,632 
8,328 
8,239 


5,943 
5,807 
5,683 
5,439 
8,222 
3,586 
5,245 
5,052 
5,075 
5,301 
4,090 
2,725 
2,240 
4,118 
4,292 
4,314 
4,378 
4,457 
4,035 
1,668 
3,224 
2,621 
4,068 
4,147 
4,111 
3,191 
1,728 


62,909   79,228102,43.51  92,273;  26,184    29.708   56.7.54    150,632  162,126  241,866  134,915 


3,475 

4,362 

2,469 

6,.328i 

4,803 

2,04o 

3,8.34 

1,1^7 

1,161, 

3,664 

2,586 

3,734 

4,262 

4,664 

6,905' 

3,802 

3,496 

3,846 

1,161 

1,782 

3,804 

1,685 

2,659 

2,741 

5,086 

5,990| 

3,4731 

3,740 

3,787 

1,63() 

1,863 

2,674 

2,053 

1,825 

2,109' 

5,209 

6,032 

4,913' 

2,618 

2,648 

1,682 

1,748 

1,789 

3,520 

3,723 

4,073! 

5,385 

4,769 

5,087 

3,194 

1,713 

1,687 

1,713 

3,699 

3,497 

4,096 

4,481 

6,081 

3,799 

4,9a5 

4,097 

2,. 5.53 

1,682 

1,228, 

3,728 

3,450 

4,3.52 

4,262 

6,777 

5,707 

4,647 

2,94,5 

2,605 

1,649 

991 

3,711 

3,648 

4,515 

4,262 

7,075 

5,536 

4,846 

2,722 

2,;gi 

1,105 

2,067 

3,728 

2,329 

4,541 

4,210 

10,675 

5,498 

2,8.34 

4,185 

2,406 

893 

2,145 

3,584 

1,508 

2,796 

2,908 

10,986 

5,. 574 

2,654 

4„5.57 

2,336 

1,449 

2,265j 

2,585 

3,257 

2,045 

1,793 

11,579 

5,428 

3,873 

4,080 

1,503 

984 

2,468 

1,654 

3,585 

4,164 

2,206 

12,0331 

4,183l 

3,916 

4,154 

1,607 

1,19«; 

2,311 

3,447 

3,609 
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Mean  daihj  discha/ye,  in  necond-feet,  oflow^r  Fox  River  at  Rapide  Crocht  dam—  Continued. 


Duy. 


Jan. 


Fob.      Mar.  i  Apr.     May.    June.    July.  '  Aug.     Sept.     Oct.      Nov.  |  Dec. 


1901.  I 

13 3,040; 

14 2,235 

15 3,914 

16 3,929 

17 2,4>« 

18 3,542 

19 3.9«1 

20 2,9(15 

21 2,s;j.'i 

22 3,521 

23 3,HS5 

24 S.Wi.'i 

25 3,89H 

26 3,813 

27 2,56;i 

28 1.939 

29 3,2Ni 

30 3,66h 

31 3,043 


4,181 
4,434 
4,262 
4,292 
3,068 
2,227 
4,309 
4,470 
4,392 
4,500 
4,393 
3,085 
2,489 
4.402 
4.634 
4,577 


4,000 
4,121 
4,059' 
4,160 
2,818j 
1.742 
3,9671 
4,030 
4,554 
4,143 
4,109 
3,433 
4,615 
6,431 
4,994 
4,084 
4,367 
4,245 
3,469 


11,57a 
11,088 
10,728 
11,860 
11,935 
11,614 
11,467 
11.334 
9,926 
9,302 
11,103 
9,826 
9,467 
9,240 
8,395 
7,401 
7,244 
7,271 


3,754 
5,012 
5,564 
5,428 
5,371 
5,011 
4,099 
3,715 
5,00(> 
5,261 
5,312 
4,686 
4,938 
3,884 
3,759 
4,875 
3,453 
5,010| 
4,920 


4,44a 
4,273! 
3,911 
2,586 
1,741| 
3,475j 
4.087 
4,148 
3,948 
3,956 
3,137 
2,493 
3,336 
3,506 
3,474 
3,554 
3,506 
2,354 


4,041 
3,131 
2,800 
3,996 
4,080 
4,002! 
3,8981 
4,067 
2,912 
2,230 
3,623 
3,899 
3,936 
3,833 
3,791. 
2,668 
2,138 
3,724 
3,921 


2,570 
2,512 
2,407 
2,642, 
2,575 
1,617 
1,404 
1,737 
1,607 
1,764 
1,885 
1,705 
1,542 
1,130' 
1.8^1 
1.8921 
1,032 
1,622 
1,725. 


l,06l{ 
1,104 

7061 
1,146, 
1,000 
1,030| 
1,004| 
1,090 
1,056 

675 
1,020 
1,276 
1,440 
1.513 
1,440 
l,437j 
1,073 
1,124 


I 
1,740 
1,260 
3,633| 
3,357 
3,252 
3,366 
3,136 
2.090 
1,574 
3,539 
3,728 
3,622 
3,664 
3,740 
2,710 
1,646 
3,507 
3,873 
3,70l'. 


3,766 
3,7661 
3,771 
3,856^ 
2,607 
1,661 
3,644' 
3,873 
3,728 
3,833 
3,717, 
2,4851 
1,640< 
3,212 
3,585 
3,476{ 
3,432^ 
3,456; 


3,672 
3,13» 
2.524 
1.555 
2,804 
3.349 
3,316 
2,939 
3,312 
2,645 
1,567 
2.953 
2,095 
1,071 

2,8ao 

3,068 
2,177 
1,464 
2.796 


Total...  109,314  105.640119,019  268,802154.807  111,681  108,541   67,465   36,635   70,000  07,665   S5.S02 


1902. 

1 3,096 

2 3,104 

3 2,938 


3,060 
1,058 
1,676 
2,776 

8 2,860 

9 1     3,136 


10. 
11. 
12. 
13. 
Il- 
ls. 
16. 
17. 


2,993 
2,915 
765 
1,285 
2,494 
2,344 
2,461 
2,514 

18 '     2,505 

19 \     1,139 

20 '     1,099 

21 2,422 

22 2,113 

23 2,450 

24 2,422 

25 2,429 


26. 
27. 
28. 
29. 
30. 
31. 


927 
1,38^ 
2,4'25 
2,.>>8 
2,4*25 
2,373 


2,5fi5 
917 
1,488 
2,446 
2,513 
2,609 
2,609 
2,408 
606 
1,427 
2,389, 
2,595 
2,587^ 
2,477 
2,465 
1,063' 
1,4211 
2,492 
2,413 
2,587 
2,366 
2,486 
1,085 
1,377 
2,210 
2,424 
2,366; 
3,480 

I 

I 


3,368j 
1,190 
1,632 
2,497 
2,632 
2,758 
2,827 
2,754 
1,135 
1,575 
3,866 
3,274 
3,608 
3,690 
3,567 
1,603 
1,765 
3,707 
3,841 
3,841 
3,994 
3,960 
1,852 
1,723 
3,777. 
3,925 
4,019 
3,841 
3,926 
1,760 
1,735  . 


2,7(i.5 
2,964 
3,011 
3,106 
3, '252 
1,603 
1,706 
3,134 
3,102' 
3,147 
3,102 
3,110 
1,450 
1,750, 
2,108 
2,366 
2,449j 
2,265' 
2,376 
1,086 
2,069 
2,267| 
2,069 
2,314 
1,986 
2,247> 
947 
1,571 
2,381 
2,312 
I 


,393  0,573 
469  10,488 
,423  11,868 
471  11,462, 
070  11,050 
845  10,407 
537  0,886. 
070 
131 
018 
075 
743 
637 
017 
056 
017. 
,615 
484 
602 
682 
085 
862 
725 
049 
719 
422 
041 
227, 
317 


,-! 


7,311' 
7,886 
8,343 
8,200 
6,222 
6,431 
3,096 
5,840 
4,160 
6,156 
6,282 
5,430 
5,002 
6,088 
3,852, 
4,2151 
5,866 
6,089l 


6,001 
5,707J 
5,740' 
3,491 

3,a'i2 


599. 


5,703 
5,601 
5,44 
3,372 
.3,453 
3,010 
3,340 
5,534 
5,533 
5,326 
5,280 
5,136 
4,639 
3,264 
5,125 
5,142 
5,265, 
6,2811 
6,163 
2,806 
3,150 
4,248 
4,209 
4,325 
4,566' 
4,287 
1,647 
2,265 
3,441 
3,733 
4,024 


3,727 

010 

1,286 
1,400 

3,276 

1,111 

1,544 

1,682 

1,506 

2,532 

1,600 

1,408 

3,602 

1,723 

736 

3,012 

1,865 

4,086 

704 

1,576 

3,000 

1,244 

1,751 

3,804 

1,700 

1,613 

1,532 

1,750 

1,613 

2,362 

1,65^ 

3,666 

1,550 

1,042 

4,047 

1,660 

4,031 

821 

2,1161 

3,853 

1,083 

2,301 

3,058 

065 

2,250 

1,500 

1,203 

2,210 

2,007 

1,208 

2,716 

2,539 

1,317 

715, 

2,733 

1,174 

1,455 

2,013 
2,027 

652 

2,120 

887 

2,646 

2,860 

1,473 

2,534 

1,311 

1,452 

2,676 

1,773 

1,174 

2,681 

2,763 

1,360 

1,086 

2,801 

1,336 

1,286 

2,870 

615 

1,785 

2,780 

851 

2,063 

2,158 

1,222 

3,024 

1,520 



2,875 

I 


2,062| 
1,004 
1,3141 
2,7161 
2,031 
2,854i 
2,973 
3,012 

014 
1,273 
2,077 
3,028 
2,046 
2,891 
2,801 

756. 
1,306 
2,841 
2,832 
2,962 
2,054 
2,015 

058 
1,349 
2.077 
3,184i 
2,S6o! 
2,062' 
3,123] 
1,138 


Total...    70,151    59,981i  89,660   70,042 152,978 '207,913 133,4141  80,782  37,071   56,360   71,805 


987 
2.930 
2.800 
3,060 
2,907 
3.022 

8B3 
1.662 
2,799 
2,845 
3,100 
3,045 
2,906 
1,158 
1,335 
2,6S4 
2,6ftS 
2,610 
2,609 
2.6S8 
1.2S6 
1.600 
2.602 
2,643 
1,404 
I,5?0 
2,654 
1,142 
1,574 
2.4« 
2.587 


70,479 


Digitized  by  VjUU^lt: 


FOX    RIVER   SYSTEM. 


31 


Mean  dmly  discharge,  in  second-feet,  of  lower  Fox  River  at  Rapide  Croche  dam — Continued. 


1 3,497 

2 3,595 

3 I,8tf8 

4 2,221 

6 3,189 

6 3,5071 

7 3,8G9, 

8 3,8Cli 

9 3,752 

10 1,762 

11 2,027 

12 3,719 

13 3,628 

14 3,465 


15. 
16. 
17. 
18. 
19. 


3,572 
3,587 
1,481 
2,018| 
3,166| 


2,371 

3,408 

4,127 

6,742 

9,539 

3,586 

3,457 

3,878 

7,316 

9,411 

3,545 

3,545 

1,612, 

5,794 

9,283 

3,538 

3,522 

4,091 

5,477 

9,793 

3,306 

3,505 

4,317 

5,804 

8,253 

3,505 

1,724 

4,507 

5,784 

8,404 

1,664 

1,769 

4,410 

5,813 

8,799 

2,073 

3,-392 

4,879 

4,456 

8,248 

3.530 

3,147 

5,334 

5,417 

6,968 

3,595 

3,545 

2,564 

7,548 

8,179 

3,636 

3,668 

3,887 

10.052 

8,483 

3,710 

3,465 

5,737 

10,960 

8,139 

3,(]63 

1,818 

6,108 

11,682 

8,027j 

1.565 

1,988 

7,168 

11,183 

8,527 

1,904 

3,289 

7.495 

9,810 

8,125 

3,504 

3,644 

8,015 

10,168 

8,315 

3,400 

3,424 

7,647 

11,022 

8,281j 

3,662 

3,481 

8,233 

10,960 

7,356 

3,628 

3,130 

9,637, 

10,604 

5,999i 

428 
282| 

682;' 

243| 
799 
578^ 
416'! 
578 
483 
603 
769 
459 
452 
658, 
475 
4281 
466 
832 
459 


2,745 
3,489 
3,617j 
3,636 
3,546 
3,676 
2,575 
2,833 
3,833' 
3,7.54 
3,987 
3,924 
4,043 
2,098 
3,087 
3,226 
3,098! 
3,217| 
3,197 


2,631j 
2,399 
2,231 
1,327 
1,622 
1,949 
2,000' 
2,013J 
1,863' 
2,096 
1,312 
1,545 
1,907 
2,103 
2,162 
2,124 
2,091 
1,568' 
l,36l| 


2,124, 
1,355 
1,324. 
2;  499 
3,385 
3,480 
3,6*78 
3,628 
2,412 
3,563 
3,797 
3,354 
3,592 
3,609 
3,717j 
2,345 
1,894 
3,453 
3,379 


4,245 
4,767 
4,785 
4,750 
4,829 
4,423 
2,011 
4,346 
4,742 
4,794 
4,847; 
5, 137j 
3,28o] 
2,603' 
4,525 
4,637j 
4,576 
4, 481 1 
4,499! 


405 
354 
005 
527 
077 
379 
413 
269 
277 
881 
452 
069 
638 
699 
757 
721 
871 
299 
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Mean  daily  discharge,  in  second-feet,  of  lower  Fox  River  at  Rapide  Crocht  dam — Continued. 


Day. 


Jan.  ,   Fob.     Mar.     Apr.     May.  '  June.    July.  I  Aug.     Sept.     Oct.  |  Nov.  ■  Dec. 


1904. 

20 3,352  3,710  l.T.'W 

21 3,329  1,089  2,03<i 

22 3,408  2,287  3,913 

23 3,392  3,700  4,3.^') 

24 '  1,185  3,962  5,185 

25 2,096  4,082  7, 43.5 

26 3,6(«  4,134  5,429 

27 3,727  3,810  2,354 

28 3,869  1,843  2,.504 

29 3,752  2,091  3,359 

30 3,848 3,748 

31 1,88.5. 4,38.5 

Total...  95,307  90,703105.333 


9,434 

10,168 

5,776 

3,344 

3.240 

1,762' 

4,488 

2,538 

3,711 

9,399 

9,574 

6,167 

3,206 

2,214 

1,825 

4,470 

2,286 

4.43D 

9,190 

8,571 

5,241 

3,420 

1,722 

988 

4,248, 

4,102 

4,354 

9,018 

9,099| 

3,758 

3,359' 

2,443 

1,988 

3,018, 

4,421 

4,111 

7,436 

9,845 

3,617 

2,345 

2,531 

1,888 

2,915 

3,254' 

4,077 

7,126 

10,168 

2,, 336 

2,58.5 

2,396 

1,276 

4,336 

3,379| 

2,2.53 

8,823 

10,812 

2,336 

2,909 

1,551 

1,381 

4,694 

4,285 

1.S12 

9,075 

9,389 

2,585 

3,146 

2,503 

1,975 

4,542 

2,748 

3,162 

9,028 

9,527 

3,474 

3,498 

2,595 

1,925 

4,575! 

1,667 

3.700 

9,017 

8,720 

3,.538 

3,584 

2,115 

2,267 

6,434' 

3,12?: 

3,677 

8,868, 

8,471 

3,491 

4,111! 

2,389 

2,0521 

3,690^ 

6,935 

4,594 

8,989 

2,659 

2,645 

3,158. 

1 

4,311 

20,060  269,925  200,448   96,253   92,525   55,631 107,156  121, OSOJl  12. 163 


I'nlike  many  other  northern  rivers  the  lower  Fox  is  rarely  troubled  with  ice  gorges, 
because  the  ice  on  Lake  Winnebago  melts  gradually.  It  is  stated  that  trouble  is  sometimes 
experienced  from  anchor  ice  forming  on  the  rapids  in  exceptionally  cold  weather,  but  this 
is  largely  prevented  by  the  system  of  slack-water  navigation. 

The  absence  of  great  freshets  prevents  backwater  and  allows  the  construction  of  the 
mills  out  into  the  stream,  as  well  as  connecting  sidetracks  on  short  trestles  only  a  few  feet 
above  the  water,  with  perfect  safety. 

The  bed  of  the  river  in  nearly  all  cases  Is  in  hard  limestone.  Excellent  quarries  of  fine 
building  stone  have  been  opened  for  use  in  both  the  Government  and  private  improvements 
of  the  river. 

WATER   POWERS. 

GENERAL   STATEMENT. 

No  other  river  system  in  the  Stat^  has  so  lai^e  a  proportion  of  its  total  descent  conc«ii- 
trated  in  its  lower  reaches  as  has  the  Fox.  Between  Lake  Winnebago  and  Oreen  Bay 
the  river  descends  a  total  of  166  feet  in  a  series  of  eight  rapids.  The  total  drainage  area  of 
the  river  is  6,449  square  miles,  of  which  area  6,046  square  miles,  or  94  per  cent,  are  included 
above  the  outlet  of  Lake  Winnebago.  These  two  facts — the  large  concentration  of  fall  in 
the  lower  river  and  the  location  of  94  per  cent  of  its  drainage  area  above  this  concentration- 
have  the  effect  of  producing  extensive  and  valuable  water  powers. 

Before  any  improvements  had  been  made  the  river  flowed  between  wooded  clay  bluffs  from  10  to  70 
feet  or  more  in  height,  in  some  places  rising  abruptly  from  the  river's  edge  on  each  aide.  Through  this 
channel  ran  the  clear,  dashing  river  over  its  limestone  bed  from  300  to  1,000  feet  wide.  Great  changes 
have  since  been  made,  o 


a  Tenth  Census. 
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The  following  table  gives  the  location  and  amount  of  fall  at  each  of  these  rapids  before 
improvement,  according  to  surveys  of  Major  Suter  in  1866: 

Rapids  on  lower  Fox  River  in  1866  {before  improvemejil).  a 


Name. 


Depore 

Littlo  ICaukauna. . . 

Raplde  Croche 

Grand  Kaukauna.. 

Littlechute 

Cedar  rapids 

Grand  Chute 

Winnebago  rapids. 


Descent. 


Fea. 


Distance 
apart. 

MiUs. 


8    .. 

8 

6.0 

8 

6.0 

50 

4.5 

38 

2.5 

10 

.75 

38 

4.0 

10 

4.25 

Giw»n  Bay  to  Lake  Winnebago. 


170  , 


a  Warren,  0.  K.,  Report,  187fi,  p.  29. 


LEGAL   STATUS. 


In  1846  Congress  passed  an  act  granting  a  large  amount  of  land  to  the  State  of  Wisconsin 
for  the  purpose  of  making  a  navigable  route  from  Lake  Michigan  along  Fox  River  to  Wis- 
consin River.  In  1853  the  State,  after  expending  $400,000  upon  the  improvements,  passed 
the  whole  matter,  including  the  land,  into  the  hands  of  the  Fox  and  Wisconsin  Improvement 
CJompany.  This  company  Issued  bonds,  completed  the  improvement,  and  in  1856  the  first 
steamer  passed  through  from  Mississippi  River  to  Green  Bay.  On  the  advent  of  railroads 
soon  after  the  route  fell  into  disuse,  and  the  company  was  unable  to  pay  interest  on  its  bonds. 
Suit  was  brought  by  the  holders  of  these  bonds,  and  the  franchises,  property,  and  land  grants 
of  the  company  were  sold  to  a  corporation  organized  in  1866  as  the  Green  Bay  and  Mississippi 
Canal  Company.  In  1870  the  United  States  appraised  the  value  of  the  locks  and  canals  at 
$145,000,  took  possession  of  them  on  the  payment  of  this  sum,  and  has  since  exercised 
control  in  the  interests  of  navigation. 

The  Green  Bay  and  Mississippi  Canal  Company  still  exists  and  retains  its  land  grants, 
water-power  franchises,  and  other  property.  The  company  claims  the  right  to  all  surplus 
water  after  the  needs  of  navigation  are  supplied.  This  claim  includes  the  right  to  tap  the 
canals  at  any  point  and  draw  off  the  water,  provided  navigation  is  not  interfered  with,  as 
well  as  the  right  to  take  all  the  surplus  flow  of  the  river  at  the  head  of  each  rapids  and  ase 
it  at  that  level.  This  claim  has  been  confirmed  by  the  United  States  Supreme  Court.  The 
company  does  not  claim  ownership  of  power  which  is  develop?d  at  a  level  below  the  head  of 
a  rapids  by  persons  owning  the  land  and  using  water  which  has  passed  the  tailraces  of  the 
company. 

In  some  cases  this  company  owns  the  power,  while  others  own  the  land.  These  interests 
have  in  some  instances  been  mutualized  in  a  joint  company;  in  others  protracted  lawsuits 
have  resulted  in  preventing  the  development  and  use  of  the  water  power  up  to  the  present 
time.  The  water  powers  at  Rapide  Croche  and  Little  Kaukauna  dams  have  not  been 
improved  for  this  reason. 

As  the  low-wat^r  flow  of  the  river  falls  far  short  of  being  sufficiept  for  the  turbines  now 
installed,  frequent  controversies  and  lawsuits  concerning  the  ownership  of  the  water  have 
resulted.  Finally  a  few  years  ago  the  Neenah  and  Menasha  Water  Power  Company, 
composed  of  practically  all  the  users  of  water  for  power  purposes  on  the  river,  was  formed 
to  regulate  the  use  of  the  surplus  water  not  required  for  navigation.  Under  the  rules  of  the 
Secretary  of  War  water  may  not  be  drawn  below  the  crest  of  the  Menasha  dam  except  by 

IRR  166—06 3 
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his  special  permit.  Such  perniLssion  is  frequently  given,  however,  to  help  out  th«  great 
manufacturing  interests  concerned. 

Fox  River  dlsdiarges  from  Lake  Winnel>ag«)  in  two  nearly  parallel  channels,  distant 
about  three-fourths  of  a  mile  from  each  other.  These  branches  join  in  less  than  2  miles  in 
Lake  Butte  des  Morts,  an  expansion  of  the  river  3  miles  long  and  extending  at  right  angles  to 
the  general  dire<*tion  of  the  river, 

Menasha  and  Neenah  are  located  at  the  lower  end  of  the  two  channels,  Menasha  on  the 
north  side  of  the  northejii  channel  and  Neenah  on  the  south  side  of  the  southern  channel. 
These  cities  are  about  1  mile  apart  and  have  a  total  population  of  about  12,000. 

The  river  banks  are  here  only  10  feet  or  less  high.  There  is  a  dam  in  each  channel,  with 
an  average  head  of  8  feet,  the  two  maintaining  the  level  of  Lake  Winnebago.  These  dams 
would  develop  2,4(K)  theoretical  horsepower,  o 

The  riparian  owners  on  the  Neenah  channel  improved  the  water  powers  l)efore  the  ship 
canal  was  l)egun,  and  thus  obtained  a  prior  right  under  a  State  charter.  Most  of  the  nmnu- 
factorit»s  are  located  on  the  strip  of  land,  averaging  125  feet  wide,  between  the  river  and  the 
race. 


The  Kimberly  Clark  Paper  Company  is  the  niost  extensive  user  of  water  power  at 
Net»nah,  having  installed  20  turbines  imder  a  head  of  7i  feet,  rated  at  1,560  horsepower. 
In  addition,  this  firm  has  5.50  stcani  horsepower,  all  used  in  the  manufacture  of  sulphite  and 
ground  wood  pulp.  Tlie  Neenah  Paper  Company  has  installed  11  turbines  under  a  head  of 
7  feet,  rated  at  S-'W  horsepower,  and  reports  an  additional  750  steam  horsepower,  all  iL^ed  in 
the  manufacture  of  paper.  The  Winnebago  Paper  Mills  have  installed  turbines  under  a 
9-foot  head,  rated  at  H.'yi  horsepower,  which  is  supplement4*d  with  450  steam  horsepower. 

Other  power  users  in  Neenah  are  included  in  the  following  table: 


Additional  vxiier  pourrs  at  Neenah. 


Owner  »nci  use. 


Turbine^. 
He»d.  I  n.  P. 


Steam 
I  H.  P. 


Feef. 

Kreuger  A  I^rfvchnmnn.  flour 8.0 

Noonah  Boot  and  Shoe  Manufacturing  Co 8.0 

Neenah  and  Menasha  (Jasand  Elettrlc  Light  Co.'        7.5 

Roijert  Jamison,  machine  shop '        8.0 

WullI,  ClauseB  &  Co.,  flour 8.0 


460  > 
39 

199 
94 
123 


125 
12 

125 
10 
60 


Remarks. 


Use  steam  when  water  iicat 
off. 


Burned. 


Tlie  Government  canal  is  located  at  Menasha.  Tin's  canal  has  a  total  length  of  about 
4,320  feet,  its  single  lock  l)eing  kx-ated  at  the  lower  «nd,  near  Lake  Butt^  des  Morts.  This 
dam  develops  2,4S7  theoretical  horsepower  at  ordinary  flow.  The  Federal  Government 
entered  into  an  agreement  with  certain  persons  under  which  they  constructed  the  navigation 
improvements  and  received  in  return  the  ownership  of  the  resulting  water  powers.  Asa 
consequence  the  (iret-n  Bay  and  Mississippi  Canal  Company  has  no  interest  in  these  wattf 
powers. 

A  darn  475  feet  long  at  the  head  of  the  canal  develops  a  head  of  8.2  feet,  though  some  of 
the  turbines  work  under  heads  of  6  to  8  feet.  The  strip  of  land  between  the  canal  and  river 
is  used  for  the  location  of  numerous  manufacturing  plants,  all  the  power,  except  that  of  the 
Howard  Paper  Mill,  Inking  taken  from  the  canal. 

1  Tins  estimate  is  basrti  on  an  ordinary  discharge  of  2,«>t()  second-feet,  equal  to  a  run-off  of  about  0.43 

second-fret  pi-r  stjuurt'  mile. 


Digitized  by  VjOOQIC 


FOX   RIVER   SYSTEM. 


35 


The  largest  water-power  user  at  Menasha  is  the  George  A.  Whiting  Company,  which 
owns  the  right  to  "first-class  water."  Its  6  turbines  work  under  an  average  head  of  8  feet 
and  are  rated  at  503  horsepower.  The  company,  which  is  engaged  in  the  manufacture  of 
paper,  has  also  installed  265  steam  horsepower. 

Another  large  concern  is  the  Menasha  Wooden  Ware  Company,  whose  turbines  work 
under  an  average  head  of  5  feet  and  are  rated  at  414  horeepower.  Tliis  is  supplemented  by 
1,090  steam  horsepower.   • 

The  other  important  water-power  users  in  Menasha  are  included  in  the  following  table: 

Additional  water  powers  at  Menasha. « 


Owner  and  use. 


Gilbert  Paper  Co 

Howard  Paper  Co 

John  Strange  Paper  Co 

Banner  Flouring  Mills 

MacKinnon  Excelsior  Co 

MacKinnon  Pulley  Co 

John  Schneider,  planing  mill 

Valley  KnittingCo., hose, mittens, etc 
Menasha  Woolen  Mills 


Turbines. 


I 


Head.     H.  P. 


Feet. 
5 
5 
5 

6 
6 
6 
4 
5 


Steam 
H.  P. 


Remarks. 


2« 

800-1,000  ^ 

321 

200 

156 

250 

;    90 

50 

1   ^^ 

226 

25 

25 

124 

38 

35 

Small  en- 
gines. 

Leased. 


When  water  is  low. 


o  Authority,  L.  M.  Mann,  United  States  assistant  engineer. 

For  the  entire  distance  of  5  miles  between  Menasha  and  the  Appleton  upper  dam  the 
river  affords  slack-water  navigation;  indeed,  it  has  been  claimed  that  later  improve- 
ments on  the  Appleton  dam  have  caused  the  water  at  Menasha  to  back  up  a  foot  or  more 
above  its  original  level.  As  Appleton  is  approached  the  clay  banks  rise  to  a  height  of  50  or 
60  feet. 

APPLETON. 

Ffdl, — Because  of  their  intrinsic  value,  as  well  as  on  account  of  their  early  develop- 
ment, the  Appleton  powers  are  not  excelled  on  the  lower  Fox.  According  to  the  Govern- 
ment profile  the  river  has  a  total  fall  of  36.7  feet  in  a  distance  of  1.2  miles.  This  head  is 
developed  by  three  dams,  which  divide  the  river  into  upper,  middle,  and  lower  levels, 
with  estimated  theoretical  horsepower  o  at  ordinary  flow  of  4,238,  2,225,  and  2,558, 
respectively. 

At  Appleton  the  river  by  a  gradual  bend  changes  its  course  from  northeast  to  southeast, 
again  turning  to  the  northeast  just  above  the  lower  dam.  On  the  left  bank  the  clay  bluffs 
rise  steeply  50  to  70  feet,  while  on  the  opposite  bank  Is  a  flat  extending  for  3,500  feet,  and 
perhaps  1 ,300  feet  wide,  beyond  which  rise  high  bluffs,  as  on  the  left  bank.  For  the  purposes 
of  navigation  the  Government  has  constructed  two  dams,  dividing  the  descent  into  two 
levels.  The  second  or  middle  dam  was  coastructed  by  private  enterprise  and  is  used 
exclusively  for  water  power. 

Upper  dam. — ^The  upper  dam  is  a  substantial  stone  structure.  It  extends  from  the  foot 
of  State  street  on  the  left  bank  normal  to  the  shore  for  250  feet,  thence  diagonally  down- 
stream for  700  feet  to  a  point  400  feet  from  the  right  bank.  From  this  latter  point  a  retain- 
ing wall  or  long  pier  extends  downstream  800  feet  to  the  right  bank.  The  head  varies  from 
about  10  feet  at  the  upper  end  of  the  dam  to  18  feet  at  the  lower  end,  the  average,  as  given 
by  the  Government  engineers,  being  14  feet.  It.s  available  water  power  is  taken  from  a  race 
along  the  left  bank,  from  the  ship  canal  on  the  right  bank,  and  from  the  adjacent  retaining 
wall. 

o  Estimated  by  U .  S.  Asst.  Engr.  L,  M.  Mann,  on  flow  of  170,000  mlnute-fect,  at  4,508, 2,367,  and  2,721. 
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The  extreme  variation  of  head  is  stated  at  2  feet,  but  the  ordinary  variation  is  only 
half  that  amount.  It  is  due  to  the  manner  of  using  wat«r  by  the  Neenah  mills,  and  to  the 
prevalence  of  strong  winds  blowing  continuously  on  Lake  Winnebago  and  changing  ita 
volume  of  discharge. 

The  race  on  the  left  bank  is  600  feet  long,  several  extensive  paper,  pulp,  and  flouring  mills 
occupying  the  strip  of  land  between  it  and  the  river.  Here  are  located  the  Appleton  Paper 
and  Pulp  Company,  with  installed  turbines  under  11-foot  head,  rated  at  550  horsepower; 
the  Kimberly  &  Clark  Company;  the  Vulcan  and  Tioga  mills,  with  about  710  and  770  tur- 
bine horsepower,  respectively;  and  the  Atlas  paper  mill,  with  766  turbine  horsepower.  The 
Appleton  Waterworks  Company,  1,400  feet  below,  receives  power  from  this  canal  through  a 
flume  which  affords  a  head  of  18  feet.  The  above  powers  by  long-established  usage  are 
recognized  as  belonging  to  the  respective  companies,  and  not  to  the  Green  Bay  and  Missis- 
sippi Canal  Company. 

Of  the  power  developed  on  the  right  bank,  nearly  all  is  taken  from  the  long  pier.  The 
Green  Bay  and  Mississippi  Canal  Company  owns  the  land  on  this  side  of  the  river  and  leases 
power  to  users. 

The  head  here  varies  from  12  feet  near  the  upper  end  of  the  pier  to  16  feet  at  the  lower 
end.  The  water  is  taken  through  ten  arched  openings  in  the  stone  pier  from  the  large  bay 
above.  This  power  is  fully  developed  by  the  Wisconsin  Traction,  He*t,  Light,  and  Power 
Company,  with  turbines  under  16-foot  head,  rated  at  2,250  porsepower  (besides  2,000  steam 
horsepower). 

Of  the  few  unused  power  sites  on  this  dam  the  greater  number  are  located  on  the  ship 
canal,  and,  as  heretofore  stated,  are  owned  by  the  Green  Bay  and  Mississippi  Canal 
Company.     The  following  table  gives  the  developed  powers: 

Water  powers  on  the  United  States  canal  at  Appleton. 


Owner  and  use. 


Water  power. 


St»m 

Average      Rated    ;  EnUtled     H.  F. 
head.         H.  P.  to- 


Riverside  Paper  and  Fiber  Co 
Appleton  Chair  Co.,  furniture 
Union  Toy  and  Furniture  Co. 


Feet. 
110 
7.5 

ao 


383 
26 
50 


300 
25 
25 


35 
30 


Middle  dam. — ^The  middle  dam  also  is  independent  of  both  the  Government  work  and  the 
(■Jreen  Bay  and  Mississippi  Canal  Company.  It  was  built  by  private  capital  for  water-power 
purposes  only.  It  is  2,400  feet  l)elow  the  upper  dam  and  Ls  about  450  feet  long.  The  dam 
was  constructed  of  timber  in  1877  and  has  its  foundation  in  limestone.  A  canal  lea<is  down 
the  north  (left)  bank.  The  south  end  of  the  dam  abuts  on  Grand  Chute  Island,  West's 
hydraulic  canal  being  supplied  from  the  adjacent  basin. 

Previous  to  1877  power  had  been  developed  by  wing  dams  passing  upstream  from  both 
banks  for  several  hundred  feet.  The  present  dam  is  reported  to  have  an  average  head  of  7.3 
feet,  developing  at  ordinary  flow  (2,660  second-feet)  2,190  theoretical  horsepower.  The 
head  at  the  various  factories  and  mills  varies  from  7  to  14  feet,  depending  on  their  location, 
the  variation  being  similar  to  that  at  the  upper  dam.  The  water  level  is  remarkable  for 
uniformity. 

The  north-shore  race  is  800  feet  long,  supplying  a  head  varying  from  9  feet  at  the  upper 
end  to  12  feet  at  the  lower. 

West's  canal  starts  at  the  right  abutment  of  the  dam  and  extends  down  Grand  Chut^ 
Island  for  about  1,700  feet,  nearly  parallel  to  the  river.  It  has  a  width  of  about  130 
feet,  with  earth  and  stone  embankment  about  3  feet  above  the  water  surface.  The  bead 
averages  10  feet.  Several  fine  power  sites  still  unoccupied  on  this  canal  are  especially 
desirable  because  of  excellent  transportation  facilities. 
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The  following  table  gives  the  important  users  of  water  power  from  the  middle  dam: 
Water  powers  on  the  middle  damy  Appleton.a 


Owner  and  ua«. 


Fox  River  Paper  Co.:* 

Ravine  mill 

Lincoln  mill 

Fox  River  mill 

Patton  Paper  Co 

Patton  Pulp  Co 

Telulah  paper  mill,  pulp 

Appleton  Machine  Co 

Appleton  woolen  mill,  paper,  knitting,  etc 

Fourth  Ward  planing  mill ,  lumber 

Marston  &  Beveridge,  hubs  and  spokes 

Valley  iron  works 


Water  power. 


Average      Rated 
head.         H.  P. 


Fret. 
11.0 

8.0 

8.5 
14.0 
5.0 
TkO 
8.0 
8.0 
7.0 


2,126 


814 


Entitled  to— 


f  flow  of  Fox 
River  less  25 
H.  P. 


1,250  H.  P. 


4«5 

ga3 


'3,000  sq.  in. 


14     500  8q.  in. 


90  H.  P. 
30  H.  P. 
75  H.  P. 
40  H.  P. 


Steam 
H.P. 


1,050 


500 

500 

25 
50 


o  Authority,  L.  H.  Mann,  U.  S.  assistant  engineer. 

*  Power  used  by  Fox  River  Paper  Co.  (three  mills)  are  located  on  West's  canal;  the  other  powers  are 
on  the  left  bank. 

Lower  dam. — ^The  lower  or  Goverament  dam  is  located  about  three-fourths  of  a  mile 
below  the  middle  dam  and  just  below  the  lower  bend  of  the  river,  at  a  point  where  the  river 
is  485  feet  wide.  The  dam  extends  downstream  from  the  left  bank  417  feet,  at  an  angle  of 
about  45®  with  the  channel,  to  an  embankment  which  extends  600  feet  farther  downstream. 
The  lower-level  ship  canal  Is  back  of  this  embankment.  The  river  runs  close  to  the  left  bank, 
which  is  high  and  steep,  while  on  the  right  bank  a  flat  200  to  300  feet  wide  intervenes  between 
the  shore  and  the  bluffs.  There  are  four  methods  of  utilizing  the  power — viz,  from  the 
abutment  of  the  dam,  from  the  rac«  on  the  left  bank,  from  the  ship  canal,  and  from  the 
Telulah  Water  Power  Company's  canal  on  the  right  shore.  The  average  head  of  this  dam 
la  stated  at  8.5  feet,  which  at  ordinary  flow  gives  2,550  theoretical  horsepower.  The  report 
of  Capt.  L.  M.  Mann,  on  whose  authority  the  above  statement  is  made,  shows  that  about  850 
horsepower  remain  to  be  installed.  There  is  said  to  be  a  fall  of  3  feet  in  the  1,500  feet 
below  the  dam.  This  water  power  is  owned  by  the  Green  Bay  and  Mississippi  Canal 
Company. 

The  left  or  west-shore  race  starts  at  a  point  450  feet  above  the  dam  and  extends  nearly 
parallel  to  the  channel  a  distance  of  1 ,200  feet  below  the  dam.  The  bluffs  rise  steeply  from 
the  water,  so  that  mills  must  extend  out  over  the  river.  It  Ls  claimed  that  this  race  is  entitled 
to  one-fourth  of  the  stream  flow. 

The  right  or  east  canal,  known  as  the  Hyde  &  Harriman  canal,  has  several  good  locations 
for  mills.  The  land  adjacent  was  owned  by  Mr.  W.  Hyde  and  Judge  J.  E.  Harriman,  while 
the  power  belonged  to  the  Green  Bay  and  Mississippi  Canal  Company.  These  interests  were 
united  and  the  canal  completed  in  1880.  It  starts  at  the  head  of  the  ship  canal  and  skirts 
the  bluffs  for  its  entire  length  of  2,250  feet,  leaving  a  wide  strip  of  flat  land  between  it  and 
the  river.  An  earth  embankment  forms  the  river  side.  The  cross  section  of  the  canal  at  its 
upper  end  is  120  by  7  feet,  but  it  gradually  decreases.  Its  head  varies  but  slightly  and 
is  said  to  average  10  fe^t.  The  most  important  mill  on  this  c^nal  is  that  of  the  Telulah 
Paper  Company,  with  a  total  of  11  turbines,  rated  at  1,368  actual  horsepower. 

CEDARS    DAM. 

This  dam  backs  up, the  water  for  the  entire  distance  of  3.3  miles  to  the  lower  Appleton 
dam,  affording  slack-water  navigation.     Fox  River  in  this  stretch  is  hemmed  in  by 
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high  clay  banks  and  has  an  average  width  of  600  feet.  At  a  short  distance  below  the  dam 
however,  a  small  creek  enters  from  the  north,  causing  the  bluflfs  to  recede  from  the  river  and 
follow  up  the  creek,  leaving  a  flat  area  of  perhaps  35  acres.  The  dam  is  situated  about  1 ,000 
feet  below  the  point  where  the  bluffs  leave  the  river.  It  crosses  the  river  in  a  normal  dis- 
tance of  810  feet.  It  has  an  average  head  of  9.7  feet,  which  at  an  ordinary  flow  of  2,660 
second-feet  gives  2,910  theoretical  horsepower.  This  power  is  owned  by  the  Green  Bay  and 
Mississippi  Canal  Company,  but  the  entire  power  is  leased  to  the  Kimberiy  &  Clark  Paper 
Company  for  a  paper  mill.  This  firm  reports?  an  installation  of  33  turbines,  under  a  head  of 
11  feet,  rated  at  4,217  actual  horsepower. 

LITTLECHUTE. 

The  next  Government  dam  is  located  4,000  feet  below  the  Cedars  dam  at  a  small  village 
called  Littlechute.  The  river  has  extensive  rapids  at  this  point,  there  being  a  total  descent, 
according  to  the  Government  profile,  of  36.2  feet  in  the  2  miles  between  the  foot  of  the 
Cedars  lock  and  the  backwater  of  the  Kaukauna  dam  below.  These  rapids  are  passed  by 
a  canal  6,500  feet  long  on  the  left  bank  of  the  river.  One  lock  of  16-foot  lift  is  located 
about  1,000  feet  from  the  head  of  the  canal,  and  a  composite  lock  of  about  20-foot  head 
is  located  at  the  lower  end  of  the  canaL 

The  river  is  about  840  feet  wide  at  the  dam  site.  On  the  left  bank  the  bluffs  retreat 
from  the  river  slightly,  leaving  a  narrow  flat  and  some  small  islands.  On  the  right  liank 
there  is  a  break  of  perhaps  1,500  feet  in  the  bluffs.  This  power  and  the  adjacent  land 
belong  to  the  Green  Bay  and  Mississippi  Canal  Company.  The  dam  has  a  head  of  12  feet, 
but  the  total  available  head,  because  of  the  adjacent  rapids  in  the  7,000  feet  below  the  dam, 
is  stated  to  be  34  feet.  This  descent,  with  a  flow  of  2,660  second-feet,  gives  10,200  theoret- 
ical horsepower.  It  is  certain  that  to  develop  more  than  half  this  amount  would  require 
a  large  expenditure  of  money.     At  the  present  time  20  feet  of  fall  have  been  developed. 

The  Littlechute  Pulp  Company  has  installed  24  (mostly  54-inch)  turbines  under  a  head 
of  12  feet,  rated  at  3,000  actual  horsepower.  The  power  next  in  importance  on  this  dam. 
and  the  only  power  not  leased  from  the  Green  Bay  and  Mississippi  C-anal  Company,  is  that 
of  a  flouring  mill  owned  by  Arnold  Verstigen,  run  by  6  turbines  rated  at  100  horsepower. 

COMBINED   LOCKS    DAM. 

About  a  mile  below  the  Littlechute  dam  is  the  Combined  Locks  dam,  owned  by  the 
Combined  Lix'ks  Paper  Company.  A  view  of  this  dam,  together  with  part  of  the  company's 
plant,  is  shown  in  PI.  II,  B.  The  company  has  49  turbines  installed,  rated  at  4,438  prac- 
tical horst»powcr,  leased  from  the  Green  Bay  and  Mississippi  Canal  Company. 

GRAND    KAUKAUNA    DAM. 

A  descent  of  50.3  feet  in  a  distance  of  le.ss  than  a  mile  entitles  the  Grand  Kaukauna 
rapids  to  first  place  in  all  the  water  powers  of  the  lower  Fox  River.  Both  topographic 
and  transportation  conditions  are  very  favorable  for  improvement.  The  Kaukauna 
dam  is  distant  2.5  miles  from  the  Littlechute  dam  and  produces  slack  water  to  the  eiid  of 
the  Littlechute  canal.  The  rapids  are  paased  by  a  ship  canal  7,400  feet  long,  extending 
from  the  dam  and  including  5  locks  with  an  a^regate  lift  of  50.3  feet,  all  located  on 
the  left  bank  of  the  river.  At  its  middle  point  this  canal  is  distant  1,000  feet  from  the 
river.  The  river  is  about  700  feet  wide  at  the  dam,  but  a  quarter  of  a  mile  below  broadens 
out  between  several  islands  to  a  maximum  width  in  the  middle  of  the  rapids  of  over  2,000 
feet.  The  islands  are  low,  but  all  have  the  limestone  base.  These  islands,  together  with 
the  flats  on  both  sides  of  the  river,  give  fine  facilities  for  water-power  development.  The 
distance  across  the  valley  from  bluff  to  bluff  is  about  3,500  feet. 

The  water  powers  are  made  available  in  three  or  more  ways,  viz,  from  the  ship  canal, 
from  the  Kaukauna  Water  Power  canal,  and  from  the  Eklwards  &  Mead  canal.    There  b 
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A.     DAM  ON   LOWER   FOX   RIVER  AT  DEPERE. 
Looking  east- 


B.     COMBINED   LOCKS   DAM   ON    LOWER   FOX   RIVER  AT  LITTLECHUTE. 
Private  dam;   plant  cost  $1,250,000. 
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a  frontago  of  900  feet  or  more  on  the  upper  level  of  the  ship  canal  suitable  for  power 
development  and  furnishing  an  average  head  of  about  16  feet.  The  Kaukauna  Water 
Power  canal  starts  400  feet  above  the  dam,  thence  runs  400  feet  at  an  angle  from  the  shore 
of  about  45°.  At  a  point  about  200  feet  from  the  river  it  turns  and  runs  parallel  to  the 
south  channel  of  the  river  for  2,000  feet.  Its  greatest  width,  150  feet,  is  at  the  bulkhead. 
Its  minimum  width  is  86  feet  and  its  depth  is  11  feet.  There  is  said  to  be  a  descent  of  2 
feet  in  the  total  length. of  2,400  feet,  and  the  average  head  furnished  is  18  feet.  Along 
the  side  and  end  of  the  canal  there  is  a  total  frontage  of  2,100  feet  available  for  power 
sites^and  mills. 

The  Kaukauna  Water  Power  Company's  claims  to  one-half  the  flow  of  the  river  were 
denied  by  the  Green  Bay  and  Mississippi  Canal  Company  at  the  time  of  the  construction 
of  these  improvements,  and  the  matter  was  taken  into  the  courts  for  adjudication.  After 
successive  trials  in  the  State  courts  the  question  was  finally  settled  by  the  United  States 
Supreme  Court  October,  1898,  in  favor  of  the  Green  Bay  and  Mississippi  Canal  Company, 
which  thereupon  purchased  the  entire  plant  and  canal  of  the  Kaukauna  Water  Power 
Company.  ^ 

In  this  decision  the  Supreme  Ck)urt  held  broadly  that  the  use  of  the  surplus  waters  cre- 
ated by  the  Government  -dam  and  canal  at  Kaukauna  l)elonged  to  the  Green  Bay  and 
Mississippi  Canal  Company,  but  that  "after  such  waters  had  passed  over  the  dam  and 
through  the  sluices  and  had  found  their  way  into  the  unimproved  l>ed  of  the  stream,  the 
rights  and  disputes  of  the  riparian  owners  must  be  determined  by  the  State  court." 

The  Edwards  &  Mead  c^nal  was  built  under  the  direction  of  Capt.  N.  M.  Edwards,  engi- 
neer for  the  Green  Bay  and  Mississippi  Canal  Company.  Advantage  was  taken  of  a  branch 
of  the  main  north  channel  running  between  two  large  islands;  this  was  fonped  into  a  pocket 
by  damming  the  ends  and  sides.  This  channel  starts  600  feet  below  the  bridge,  and  the 
dam  was  placed  1,000  feet  l)elow  its  head.  As  the  water  is  taken  from  l)«low  the  first 
level  of  the  rapids  the  Green  Bay  and  Mississippi  Canal  (bmpany  could  make  no  legal 
claim  to  it,  but  subsequent  to  its  development  bought  the  power.  The  sides  of  the 
channel  are  sul)stantially  built  of  earth  on  the  south  side  and  dry  rubble  masonry  on  the 
north  side. 

Recently  very  comprehensive  plans  have  been  prepared  for  the  improvement  of  the  lower 
level  at  Kaukauna,  which  will  produce  6,500  theoretical  horsepower.  These  plans  include 
the  blasting  out  of  the  tailrace  so  as  to  develop  a  21-foot  head  at  the  present  Government 
dam,  and  also  the  construction  of  a  new  masonsy  dam  l)elow  which  will  develop  27  feet 
additional.  As  this  dam  would  render  useless  some  of  the  present  improvements  below 
the  Government  dam,  it  will  be  necessary  to  purchas<»  such  property  l)efore  the  new  dam 
can  \ye  constructed.  These  developments  will  be  made  as  soon  as  a  suitable  tenant  is 
found. 

At  the  present  time  the  Green  Bay  and  Mississippi  Canal  Company  offers  for  rent  3,000 
theoretical  horsepower  already  developed  at  the  headrace  of  the  Kaukauna  WaterPower 
Company's  canal,  recently  purchased.  Large  store  buildings  at  this  point,  though  par- 
tially destroyed  by  fire,  could  readily  l)e  converted  into  a  large  manufacturing  plant. 

The  city  of  Kaukauna  has  5,000  inhabitants  and  its  on  the  main  line  of  the  Chicaj?t) 
and  Northwestern  Railway,  being  also  reached  by  the  Fox  River  Valley  Electric  Railway. 
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The  following  table  gives  a  list  of  the  power  users  at  Kaukauna  and  the  installed  turbine 
power: 

Water  powers  on  Fox  RitYr  at  Kaukauna.  o 


Owner. 


Badger.  Paper  To 

Chicago  and  North wostorn  Kwy.  shops. 

Kaukauna  Fil)er  Co 

Kaukauna  Machine  C^ 

Kaukauna  Electric  Light  Co 

Thilmany  Pulp  and  Paper  Co 

Western  Paper  Bag  Co 

Outagamie  Paper  Co 

Lindauer  Pulp  Co 

Reese  Pulp  Co 

Thilmany  Pulp  and  Paper  ('o 


1               Water  power. 

H 

'am 
P. 

Average 
he.ad. 

Rated 
H.  P. 

Entitled 

to- 

Feet. 

16 

1,230 

450 

47 

rs 

no 

14 

194 

100 

200 

1             14 

250 

75 

15 

14 

194 

160 

14 

389 

275 

175 

15 

1.400 

400 

310 

21  ' 

816 

1.500 

12 

12; 

440 

3S0 

12  . 

709 

567 

a  Nos.  1-4  are  owned  jointly  by  the  Green  Bay  and  Mississippi  Canal  Company:  Nos.  5-9  are  le«wd 
from  the  same  company;  Nos.  10  and  11  are  leaaed  from  same  company  and  Eawards. 

Below  Kaukauna  Rapids  the  river  is  from  1^200  to  2,200  feet  wide  for  nearly  2  miles,  but 
it  gradually  contracts  to  a  width  of  about  500  feet  for  the  lower  half  of  its  course  between 
Kaukauna  and  Rapide  Croche.  Almost  without  exception  the  bluffs  rise  directly  from 
the  river  for  the  entire  distance.  Navigation  is  also  by  slack  water  from  the  Grand  Kau- 
kauna Canal  to  the  Rapide  (Voche  dam. 

RAPIDE   CROCHE   DAM. 

The  Rapide  Croche  dam  is  located  4.5  miles  below  the  Grand  Kaukauna  dam  and  was 
built  by  the  Government  for  navigation  purposes.  It  is  about  450  feet  long  and  has  an 
average  head  of  8.5  feet.  The  bluffs  rise  on  either  side  close  to  the  river,  except  on  the 
left  bank  at  the  site  of  the  ship  canal.  This  canal  starts  just  above  the  dam  and  extends 
downstream  for  a  distance  of  1,760  feet  to  the  lock.  This  forms  a  strip  of  land  well  suited 
for  power  or  mill  sites,  being  900  feet  long  and  varying  in  width  from  20  feet  at  the  ends 
to  200  feet  at  the  middle.  This  ground  and  120  acres  adjacent  is  owned  by  the  Green 
Bay  and  Mississippi  Canal  Company. 

The  Rapide  Croche  dam  develops  2,400  theoretical  horsepower,  which  may  be  leased  on 
extremely  favorable  terms.  At  the  present  time  this  ^wer  is  not  utilized.  Its  location, 
nearly  midway  Iwtween  Green  Bay  and  Appleton,  is  convenient  for  the  development  of 
electric  power  for  railroad  or  other  purposes.  The  Chicago  and  Northwestern  Railway 
and  the  Fox  River  Valley  Electric  Railway  are  close  at  hand  on  the  left  bank. 

LITTLE    KAUKAUNA    DAM. 

Six  miles  l)elow  the  Rapide  Croche  dam  is  located  another  Government  dam  which  fur- 
nishes slack-water  navigation  in  this  stretch  of  the  river.  This  dam  is  about  550  fc^et  long 
and  furnishes  a  head  of  8  feet.  The  bluffs  rise  close  to  the  right  bank,  but  on  the  left  bank 
recede  for  several  hundred  feet.  Advantage  is  taken  of  this  fact  to  locate  the  Govern- 
ment canal  here.     This  canal  is  950  feet  long  and  has  a  single  lock  at  its  lower  end. 

The  power  here,  like  that  at  Rapide  Croche,  is  owned  by  the  Green  Bay  and  Mississippi 
Canal  Company,  while  the  riparian  rights  are  owned  by  other  parties.  This  fact  has  led 
to  a  protracted  legal  struggle,  which  has  resulted  in  preventing  the  utilization  of  the  valu- 
able water  powers.  It  is  stated  on  good  authority  that  these  suits  have  recently  been 
settled  and  that  improvements  will  soon  be  made. 
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A  large  number  of  water-power  lots  would  be  made  available  by  the  construction  of  a 
tailrace  parallel  to  the  canal  about  as  shown  in  fig.  3.  An  8-foot  head  with  a  flow  of  2,660 
second-feet,  gives  2,400  theoretical  horsepower. 

DBPERE   DAM. 

This  dam  at  Depere,  a  city  of  over  4,000  inhabitants,  about  7  miles  from  the  mouth  of 
Fox  River,  is  the  last  dam  and  lock  on  the  river.  A  view  of  it  is  shown  in  PI.  II,  A.  The 
dam  i.s  of  crib  construction,  about  2,000  feet  long,  and  furnishes  an  average  head  of  7  feet, 
which,  at  an  ordinary  flow  of  2,660  .second-feet,  gives  2,100  theoretical  horsepower.  A 
modem  steel  bridge  is  located  just  below  the  dam. 


Fio.  3-  Plan  of  water-power  development  at  Little  Kaukauna,  Wis. 

This  power  does  not  belong  to  the  Green  Bay  and  Misssisippi  Canal  Company,  for  it  was 
built  under  a  contract  whereby  the  riparian  owners  were  to  have  the  use  of  the  power  in 
return  for  the  maintenance  of  navigation  improvements. 

The  American  Writing  Paper  Company,  which  has  one  of  the  largest  and  most  modern 
paper  mills  on  the  river,  has  installed  16  large  turbines,  with  a  rating  of  1,565  practical 
horsepower.  In  addition  the  company  uses  1,300  steam  horsepower.  It  Is  entitled  to 
the  total  power  of  the  river  leas  290  horsepower.  The  value  of  its  annual  product  is  stated 
at  $600,000. 

On  the  right  bank,  taking  water  from  the  ship  canal,  are  located  the  J.  P.  Dousman 
Company's  flouring  mill,  with  175  actual  turbine  horsepower,  and  the  Depere  Electric  Light 
and  Power  Company's  plant,  with  100  actual  turbine  horsepower.  The  flouring  mill  has 
a  capacity  of  300  barrels  a  day.     These  are  the  last  powers  on  the  river. 
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RAIT.UOADS. 

Attention  lias  olsewheiv  Ixhmi  called  to  the  fart  that  the  freedom  from  freshets  which  lower 
Fox  River  enjoys  allows  the  huilding  of  railroad  side  tracks  over  or  across  the  river  so  as  to 
reach  any  mill  no  matter  how  situated.  The  river  thus  enjoys  exceUent  railroad  faciliii®. 
The  Chicago  and  Northwestern  Railway  closely  follows  the  left  bank  of  the  river  between 
Neenah  and  Green  Bay,  and  a  branch  performs  a  similar  service  for  all  the  mills  bet woeo 
Mena-sha  and  Kaukauna  on  the  right  bank.  The  Chicago,  Milwaukee  and  St.  Paul  Rail- 
way reaches  Neenah,  Menasha,  and  Appleton,  while  another  branch  parallels  the  river 
between  Green  Bay  and  Depere.  The  Wisconsin  Central  line  reaches  Neenah  apd  Menasha. 
Besides  the  steam  lines,  the  river's  entire  length  is  closely  foUowed  by  an  electric  inter- 
urban  railroad,  which  provides  a  train  every  hour  at  reduced  rates. 

The  navigation  improvements  maintained  by  the  Federal  Government  provide  for  a 
6-foot  channel  l)etween  Oshkosh  and  Green  Bay.  While  this  channel  is  insufficient  for  the 
larger  freight  boats  navigating  the  Great  Lakes,  the  commerce  on  lower  Fox  River  has  been 
sufficient  to  reduce?  the  railroad  freight  rat<»s  to  an  exceedingly  reasonable  basis.  This  gives 
the  numerous  factories  on  this  river  a  very  marked  advantage  in  shipping  both  raw  material* 
and  finished  products.  This  advantage,  together  with  the  extremely  low  rat*s  at  which 
water  j>ower  may  be  rented  ($5  to  $10  per  annum  per  horsepower),  has  already  made  this 
one  of  the  largest  manufacturing  districts  in  the  State. 

MENOMINEE  RIVER  SYSTEM. 

This  nver  is  formed  by  the  junction  of  Michigamme  and  Brule  rivers,  and  for  its  entire 
length  of  a})out  104  miles  forms  the  boundary  between  Wisconsin  and  Michigan.  It  flows 
in  a  general  southeasterly  direction,  entering  Green  Bay  at  Marinette. 

I>RAINAGE. 

The  Menominee  drainage  basin  is  narrow  in  its  lower  portion,  but  widens  as  the  stream 
is  ascended,  the  river  receiving  important  branches  ne^r  its  source.  Its  total  drainage  arpa 
is  about  4,000  square  miles,  of  which  1,4.50  square  miles  is  in  Wisconsin. 

Like  Chippewa  River,  it  has  a  main  arm  to  the  north,  Michigamme  River,  which  is  nearly 
as  long  as  the  main  river,  its  source,  in  fact,  being  within  12  miles  of  Lake  Superior.  Tliis 
ha-s  an  important  bearing  on  the  discharge  of  the  Menominee,  because  it  secures  the  Islt^ 
run-off  due  t^  the  heavy  precipitation  of  that  region  as  well  as  the  steadpng  effect  of  the 
enlarged  drainage.  The  combined  drainage  area  of  Brule  and  Michigamme  rivers  amounts 
to  1,769  square  miles  a — nearly  one-half  that  of  the  entire  river  system. 

PROFILE. 

From  its  head,  at  the  junction  of  Brule  and  Michigamme  rivers,  to  it,s  mouth,  a  distance 
of  about  104  mile-s,  the  river  descends  about  700  feet.  In  addition  to  this  its  Wisconsin 
tributaries  descend  about  300  feet,  and  those  in  Michigan  470  feet.  The  opportunities  for 
water  power  are  numerous,  because  of  the  frequent  concentrations  of  descent  in  rapids 
along  the  entire  course  of  the  river.  The  following  descriptions  of  the  most  important 
water  powers  are  taken  from  data  furnished  by  Messrs.  O'Keef  &  Orbison,  hydraulic  engi- 
neers, of  Appleton,  Wis.,  who  also  loaned  maps  and  profiles  of  the  river,  and  from  the  veiy 
full  descriptions  by  James  L.  (Jreenleaf,  C.  K.,  in  the  census  report.^ 

Quoting  from  the  latter: 

It  will  be  evident  from  the  following  account  that  there  is  an  immense  amount  of  water  power  on  the 
Menominee  awaiting  development,  the  concentrations  of  the  descent  in  numerous  rapids  and  falls  sup- 
plying remarkably  fine  opportunities  for  Improvements.  Any  works  for  the  utilisation  of  the  power 
would  have  to  l>e  so  constructed  as  not  to  interfere  with  the  manufacturing  company  in  the  driving  of 
logs,  but  dams,  etc.,  could  be  built  so  as  to  be  no  hindrance  to  the  passage  of  logs. 


a  Tenth  Census,  vol.  17,  p.  57. 

t>  Water  powers  ol  the  Northwest:  Tenth  Census,  vol.  17,  pp.  59-60. 
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In  the  table  that  follows  will  be  found  a  .statement  in  detail  of  the  descent  of  Menominee 
River,  together  with  other  valuable  data: 

Profile  of  Menominee  Kh^rfrom  its  mouth  to  head  of  upper  rapids,  Tvnn  FaUs.a 


No. 


Station. 


8 
9 
10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 


Mouth  of  river 

Dam  No.  1,  foot 

Dam  No.  2,  foot 

Dam  No.  3,  foot 

Schappies  rapids,  foot 

Schappies  rapids,  head 

Orand  rapids,  foot  (mouth  of  Little  Cedar  River) 

(3 rand  rapids,  head  (N W.  J  sec.  32,  T.  34  N.,  R.  23  E.) . 

Railroad  crossing,  Ross 

White  rapids,  foot  (lot  1,  sec.  30.  T.  a5  N.,  R.  21  E.) .. 
White  rapids,  head  (south  line  sw.  7,T.  35  N.,R.  22.  E.) 

Pemena  rapids,  foot  (mouth  Femena  I' reek) 

Pemena  rapids,  head  (south  line  sec.  5,  T.  36  N.,  U. 

22  E.) 

Pemena  dam,  foot 

Pemena  dam,  crest , 

Sturgeon  Falls,  foot 

Sturgeon  Falls,  head , 

Sturgeon  River,  mouth 

Norway,  Mich,  (where  public  road  joins  river) 

Iron  Mountain,  Mich.  (500  feet  above  old  ferry) 

Little  Quinnesec  Falls,  foot 

Little  Quinnesec  Falls,  head 

Big  Quinnesec  Falls,  foot 

Railroad  bridge  south  of  Iron  Mountain 

Highway  bridge  south  of  Iron  Mountain 

Railroad  bridge,  river  sidiiig 

Twin  Falls  (500  feet  below  lower  rapids) 

Twin  Falls  (head  of  upper  rapids) 


Distance  - 


From 
mouth. 


Miles. 


2.0 
2.5 

2.75 

8,7 
22.0 
24.5 
26.5 
50.7 
.'>3.7 
61.5 

63.0 
67.0 
67.5 
77.0 
77.5 
78.1 
80.1 
84.1 
8.'>.4 
85.05 
89.9 
91. 15 
92.4 
100.4 
101.4 
102.1 


Be- 
tween 
points. 

Miles. 


2.0 

.5 

.25 

5.0 

1.0 

13.3 
2.5 
2.0 

24.2 
3.0 
7.8 

1.5 
4.0 

.5 
9.5 

.5 

.6 
2.0 
4.0 
L3 

.25 
4.2.5 
1.25 
1.25 
8.0 
LO 

.7 


Eleva- 
tion      _     _  ^ 
above 
sea  level,  i  Total. 


Descent  be- 
tween points. 


Per 
mile. 


Feet. 
580.0    ; 
580.0    ' 
587.0    I 
594.0 

612.0  I 
622. 0± 
649. 0± 
669. 0± 
671.8 
683.4 
714.4 
748.3    i 

767. 1  I 
773.1 
786.2 
803.9 
816.8 
818.0 
824.0 
851.0 
878.0 
942.0 
96(i.O 

1,020.0 
1,045.0 
1,065.3 
1,072.5    I 
1,099.8    I 


Feet.       Feet. 


7.0 
7.0 
18.0 
10.0 
27.0 
20.0 
2.8 
11.6 
31.0 
30.3 

18.8 

ao 

13.1 
17.7  ' 
12.9  I 

L2  ' 

6.0 
27.0 
27.0 
64.0 
24.0 
54.0 
25.0 
20.3 

7.2 
27.3 


14.0 
28.0 

3.6 
10. 0± 

2.0± 

8.0 

L4 
,48.0 
103.0 

3.9 

12.5 
1.5.0 
26.2 

1.9 
2.5.8 

2.0 

3.0 

a7 

20.7 
2.56.0 

.5.6 
43.3 
20.0 

2.5 

7,2 

3.9 


a  Authority:  No.  1,  U.  S.  Lake  Survey;  Noa.  2  6,  Menominee  River  Boom  Company;  Nos.  7,  8,  and 
10-18,  T.  W.  Orbison;  No.  9,  Wisconsin  and  Michigan  Railway;  Nos.  19  27,  U.  S.  (ieol.  Survey;  No.  28, 
Chicago  and  Northweatem  Railway. 

CiKOI^OGY. 

While  the  .surface  is  largely  covered,  generally  deeply,  by  glacial  drift,  the  Menominee 
and  all  its  tributaries  flow  over  hard,  pre-C'ambrian  cr\'stalline  rocks  as  far  south  as  the 
mouth  of  Pike  River,  or  fully  two-thirds  its  length.  In  this  region  important  iron  mines  are 
found.  Below  the  mouth  of  Pike  River  the  Menominee  flows  10  miles  across  the  Cambrian 
sandstone,  then  for  18  miles  across  the  next  higher  layer,  the  "Lower  Magnesian"  lime- 
stone, and  for  the  last  8  miles  to  its  mouth  across  the  "Trenton"  group  of  limestones.o 

The  crossing  of  the  Cambrian  sandstone  results  in  no  rapids  of  importance,  but  two  rapids 
occur  in  pa&sing  the  "Lower  Magnesian"  and  the  "Trenton"  limestones.  Most  of  the 
rapids,  of  course,  are  in  the  harder  crystalline  rocks  alx)ve  the  mouth  of  Pike  River  . 

The  topography  of  the  country  through  which  Menominee  River  flows  can  not  l)e  de- 
scribed as  mountainous,  but  many  high  ridges  give  diversity  to  the  surface.  The  Wi.sconsin 
branches.  Pine  and  Brule  rivers,  rise  side  by  side  with  the  Flambeau  and  the  Wisconsin  in 


oGeoI.  Wisconsin,  p.  — . 
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a  high,  flat  plateau,  abounding  in  lakes  and  swamps.  In  many  cases  the  rivers  bead  in 
lahrr  but  a  few  rods  apart,  or  even  in  the  same  swamp.  These  lakes  and  swamps  have  an 
«lev«tion  of  nearly  1,600  feet  above  sea  level,  or  1,000  feet  above  Lake  Michigan.  The 
Ifiohigan  branches  flow  from  a  similar  though  even  higher  region,  and  it  is  certain  that 
these  swamps  and  lake  reservoirs  exert  a  marked  influence  in  steadying  the  diac^age  of 
the  river. 

RAINFAL,!.  AXI>  RUN-OFF. 

Because  of  the  paucity  of  data  concerning  the  dischai^ge  of  rivers  in  this  regioe,  it  is 
exceedingly  difficult  to  estimate  the  ordinary  discharge.  The  discharge  measurements  in 
this  district  have  been  made  since  1901,  and  most  of  them  since  1903. 

The  rivers  mentioned  below  are  similariy  situated  with  respect  to  Lake  Superior,  which 
is  perhaps  the  governing  factor  in  determining  the  rainfall.  In  1903  Escanaba  River 
yielded  a  minimum  of  700  second-feet  from  891  square  miles.  Measurements  made  by 
the  I.  Stevenson  Company  indicate  a  minimum  flow  of  this  river,  in  a  dry  year,  of  400  second- 
feet.  Measurements  of  Iron  River,  continuing  from  November,  1901,  to  April,  1904,  show 
a  minimum  flow  of  0.8  second-foot  per  square  mile  for  two  months  in  1902,  and  the  same 
for  February,  1903.  It  seems  reasonably  certain  that  except  in  unusually  dry  years  the 
ordinary  low-water  dischaige  of  these  rivers  is  not  far  from  0.6  second-foot  per  square  mile. 
In  1904,  a  year  of  average  rainfall,  the  minimum  run-off  occurred  in  the  month  of  December, 
when  it  averaged  0.77  second-foot  per  square  mile. 

In  the  following  tables  will  be  found  the  maximum,  minimum,  and  mean  discharge  in 
second-feet  of  Menominee  River  at  Little  Quinnesec  Falls  during  twelve  months  of  1898 
and  1899 : 

Estimated  monthly  dincharge  of  Menominee  River  ai  Lit&e  Quinnesec  FaUs,  Wis.a,  May,  lS98y 

to  Augwd,  1899. 

[Drainage  area,  2,432  square  ipiles.] 


Date. 


May 

June 

July 

August 

September. 

Octo]>er 

November. 


1899. 


April... 
May.... 

June 

July.... 
August . 


Discharge. 


Mini- 
mum. 


Mean. 


Run-off. 


Per 
square 
mile. 


Sec-feet. 

2,443 

1,447 

655 

498 

797 

1,947 

1,484 

3,083 
3,744 
2,017 
804 
1,408 


I 


Sec-feet. 
3,086 
2,450 
1,439 
2,282 
2,566 
3,248 
2,766 

4,011 
4,112  I 
3,476  , 
1,819 
1,573 


Sec-feet. 
1.26 
1.01 
.59 
.94 
'  1.05 
1.34 
L14 

1.65 
1.69 
1.43 
.75 
.65 


Depth. 

Inrkei. 
L45 
L13 
.68 
LOS 
L17 
1.54 
1.27 

1.84 
1.95 
1.60 
.86 
.75 


a  For  the  daily  discharge  for  this  time  see  Water-Supply  Paper  No.  83,  pp.  256-257 
were  made  by  J.  H.  Wallace,  C.  E.,  and  furnished  by  Kimberly  &  Clark,  of  Niagara,  Wis. 


Measurements 
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It  will  be  seen  that  the  smallest  monthly  average  during  this  time  was  0.59  second-foot 
per  square  mile  of  drainage.  Lumbering  operations  on  Menominee  River,  though  declin- 
ing since  1862,  are  still  active.  The  operation  of  the  many  logging  dams  must  have  a  grea^ 
effect  on  the  regimen  of  the  river.  In  a  few  years  the  Jumber  will  be  so  nearly  removed 
that  it  will  be  cheaper  to  carry  logs  by  railroad.  Then  the  dams  can  be  used  to  augment 
the  low-water  flow.    This  will  greatly  enhance  the  value  of  the  water  powers. 

The  MTcnge  annual  rainfall  of  this  region  is  estimated  by  the  Tenth  Census  at  35  inches, 
or  10  psr  ecnt  in  excess  of  the  average  of  the  State. 

The  following  table  gives  the  annual  precipitation  in  the  valleys  of  Wolf,  Oconto,  Pesh- 
tigo,  and  Menominee  rivers  for  the  eleven  years  ending  in  1904: 

Anntud  precipitcUion,  with  averages^  at  seven  statums  in  Wisconsin  covering  eleven  years. 


Station. 

1894.    1895. 

1896. 

1897. 

1896.    1899. 

1900. 

1901. 

1902. 

1903. 

1904. 

In. 
30.2 
43.0 

34.7 
31.1 

Average. 

Amherst 

Jn.   !    In. 

In.      In. 
35.1     30.2 

In.       In. 
28.7     30.2 
28.1  '  31.3 
27.5     34.3 
29.7  J  26.4 
29.0    

In. 
37.6 

In. 

In. 
32.1 
27.7 

29.3 
34.3 

7n. 

42.9 
43.3 
34.1 

28.8 

Inches. 
34.7 

Koepenlck 

Florence 

Oconto 

New  London 

.1  23.8     24.9 
.    27.6  \  27.2 
'  29.8     29.9 

32.2 
29.2 
36.0 

25.5 
25.7 
28.1 
27.4 

46.6 
37.9 
38.0 
35.6 

33.0 
32.7 
28.1 
28.1 

32.6 
31.7 
31.3 
30.8 

Shawano 

.    27.9    1  .^.8 

2.'i.3  ,  2.'i.3      27.9 

39.3 
39.1 

29.8 

AVaupaca 

1 

1 

33.6     26.5 
36.3     27.0 

24.3     32.4 
27.5  1  30.8 

26.0 

30.8 

32.0 
36.2 

32.0 
34.2 

29.7 

.    27.3     27.3 

1 

Average 

... 

30.8 

31.5 

The  summary  given  above,  embodying  observations  of  the  yearly  rainfall  from  1894  to 
1904,  inclusive,  at  seven  near-by  stations,  shows  the  average  rainfall  of  this  section  for  the 
above  period  to  be  31.5  inches.  This  is  very  conservative,  for  earlier  observations  for 
longer  periods  show  larger  averages,  as  will  be  seen  from  the  following: 

Record  of  precipitation  at  two  stations  in  Wisconsin  prior  to  1894- 
[From  the  Smithsonian  tables.l 


Station. 


Embarrass.. 
Weyauwega. 


Period 
covered. 


Years. 
35 
12 


Precipi- 
tation. 


Inches. 
38.3 
44.1 


There j's  reason  to  believe  that  the  rainfall  at  the  headwaters  of  these  rivers  is  in  excess 
of  that  on  the  lower  part  of  the  drainage  area,  where  most  of  the  observation  stations 
are  located. 

The  following  table  compiled  from  Bulletin  C,  United  States  Weather  Bureau,  shows 
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the  result  of  oliservations  of  precipitation  and  temperature  in  the  basins  of  Fox,  Ooonto, 
Menominee,  and  Wolf  rivers  for  the  years  stated  prior  to  1876: 

Record  of  precipitation  and  temperature  at  nine  stations  in  Wiscomdn  prior  to  1876. 


station. 


Period  (»f 

observa- 
tion. 


Procipitation. 

Temperature. 

Spring. 

Sum- 
mer. 

Inches. 

Au- 
tumn. 

Inches. 

Win- 
ter. 

Inches. 

Year. 

Sum- 
mer,   j 

1 

Win- 
ter. 

Inches. 

Inches. 

°F. 

5.50 

6.25 
11.46 

1.98 
7.63 

3.16 
2.83 

25.92 
27.50  1 

5.58 

68.22  ' 

19.81 

6.74 

17.85 

14.23 

5.31 

44.13 

68.20 

19.32 

5.50 

14.50 

6.92 

3.93 

25.92 

7a  17 

•20.4k 

6.83 

10.73 

7.06 

5.14 

29.76 

65.30 

•23-11 

7.65 

10.24 

6.92 

3.70 

28.51 

67.48 

20.15 

6.18 

9.35 

'  10.43 

4.46 

32.42 

68.10 

18.ft2 

8.  U 

12.49 

8.21 

5.73 

34.57 

66.82 

18l25 

8.52 

13.72 

10.57 

3.28 

36.09 

Wautoma 1871  1874 

Portage IKiti  1845 

Weyauwega 1861-1873 

Waupaca 1867  1874 

Menasha 18.')7-18.'>8 

Appleton \H5f\r  1871 

(Jreen  Bay IKVt-lsiW 

Embarrass 1864-1874 

E8cana]>a 1872  1876 


It  will  be  noted  that  the  upper  portion  of  this  drainage  area  is  scarcely  represented  in 
the  alK>ve  tables,  the  stations  where  rainfall  olwervations  were  made  being  grouped  in 
the  lower  portion  of  the  river  valleys.  There  is  reason  to  believe  that  the  average  rainfall 
would  be  found  to  Iks  sensibly  larger  for  a  series  of  stations  more  evenly  distributed  so  as 
to  include  the  northern  portion. 

The  following  discharge  measurements,  gage  heights,  and  rating  table  are  the  result  of 
oljservations  by  hydrographers  of  the  United  States  Geological  Survey  on  Menominoe 
River,  near  Iron  Mountain,  Mich.: 

Discharge  meamrements  of  Menominee  Riivr  at  Ilomefttead  bridge,  near  Iron  Mountain,  Mich., 

1902  to  1906. 


Date. 


I 


Hydrographer. 


1902.  I 

Septemljer  4 '  Horton  and  Gregory . 

November  4 W.  V.  Savickl 


1903. 


April  9« L.  R.  Stockman: 

April  19 do 

J u I y  22 do 

August  25 do 

September  16 J do 

October  27 i do 


Width. 


Feet. 


202 


1W4.  ' 

May  18 1  E.  Johnson,  Jr. 

June  1 do 

August  10 do 

SeptemlH^r  5 ^ do 

Octol)er  11 i  F.  W.  Ilanna.. 

November  18 E.  Johnson,  jr. 

v.m. 

April  12 S.  K.  Clapp.. . . 


May  22 

June  15 

July  13 

August  13 do. 


do 

M.  S.  Brennon. 
do 


208 
208 
212 
2a5 

210 
210 
205 
210 
225 
210 

220 
215 
208 
225 
207 


Area  of  '     Mean     '     Gage 
section.  ,  velocity,     hd^t. 


Sq.feet. 


1,532 
2,000 
1,455 
1,342 
2,875 
1,477 

2,312 
2,522 
1,101 
1,571 
2,408 
1,511 

2,271 
2,035 
1,421 
2,100 
1,346 


Ff.pr.  sec.^ 


2.22 
2.78 
2.17 
1.76 
t3.41 
1.93 

2.68 
3.01 
1.42 
2.02 
3.20 
1.94 

2.90 
2.32 
1.78 
2.50 
1.83 


I 


Feet. 
1.90 
2.67 

5.40 
7.32 
4.20 
3.60 
ia38 
3.99 

7.95 
8.97  j 
2.06  I 
4.34 
8.25 
4.02 

'  I 
7.43 
6.85 
3.67 
6.58 
3.24  I 


Dis- 
charge. 

See-feet. 
1,332 

l,5»l 

3,4D0 

5,570 

3,161  , 

2,337 

9,490 

2,856 

6,193 
7,591 
1,55S 
3,176 
7,714 


6,588 
4.n8 
2,534 
5.230 
2,469 


a  Stream  full  of  logs;  probably  log  jam. 


b  Mean  velocity=85  per  cent  of  surface  velocity. 
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Mean  daily  gage  height j  in  feet,  of  Menominee  Rlmr  near  Iron  Mountain  j  Mich.^  September 
4,  190£,  to  December  31,  1905. 


Day. 


Sept.   Oct.  '  Nov.  i  Dec. 


I 

1W2. 

2 

3 

4 

1.90 

5 

l.fiO 

ft 

2.00 

7... 

2.25 

8 

2.35 

9 

2.05 

10.... 
11 

1.02 
1.87 

12 

1.95 

13 

1.65 

14 

1.58 

l'> 

1  45 

16 

1.40 

Day. 


1902. 


Day. 


1.67 

2.52 

1.60 

1.53 

2.80 

2.22 

1.55 

2.95 

2.80 

1.45 

2.T2 

2.25 

1.55 

2.8.5 

1.85 

1..58 

2.95 

1.95 

l.f.O 

2.50 

2.2.5 

1.67 

2.60 

2.70 

1.77 

2.50 

3.4.5 

1.30 

2.40 

3.35 

1.50 

2.4.5 

3.60 

1. 55 

3.27 

.3.35 

2.85 

4.85 

3.05 

2.95 

6.07 

2.90 

2.47 

6.88 

2.85 

1.82 

6.  .57 

2.90 

17. 
18. 
19. 
20. 


23. 

24. 

I 
25. 

,  26. 

I  27., 

I  28.. 

I  29., 

'.  30. 

i  31.. 


;  Sept. 


1.40 
1.4.5 
1.35 
1.35 
1.20 
1.45 
1.52 
1.48 
1.47 
1.40 
1.40 
1.35 
1.38 
1.55 


1.65 
1.92 
1.60 
1.65 
1.57 
1.65 
1.67 
2.42 
2.80 
3.22 
2.a5 
3.57 
3.07 
2.83 
2.75 


Nov.    Dec. 


6.45 
5.65 
.5.35 
5.00 
4.47 
4.4.5 
3.90 
3.92 
3.45 
3.30 
3.00 
2.62 
2.55 
2.62 


2.55 
2.70 
2.63 
2.75 
2.75 
2.57 
2.40 
2.32 
2.35 
.2.20 
2.10 
2.00 
2.15 
2.20 
2.10 


Ju:i.   j  Feb. 


i9ai. 
1 

2.  .55 

2 

2.52 

3 

2.42 
2.48 

4 

5 

2.50 

6 

2.30 

7..  . 

2.25 

8 

2.40 

9 

2.35 

10 

2.30 

11 

2.35 

12 

2.30 

13 

2.20 

14 

2.10 

15 

2.18 
2.22 
2.2.5 
•'?5 

16 

17 

18 

19 

2.32 

20 

2.25 

21 

2. 10 

22 

2.20 

23 

2.22 

24 

2.15 

25 

2.12 

26 

2.25 

27 

2.35 

28 

2.25 

29 

2.35 

30 

2.35 

31 

2.20 

2.a5 

2.30 
2.20 
2.15 
2.15 
2.28 
2.2.5 
2.22 
2.20 
2.28 
2.40 
2.28 
2.22 
2.25 
2.20 
2.25 
2.22 
2.18 
2.20 
2.18 
2.10 
2.00 
1.95 
2.20 
2.25 
2.32 
2.45 
2.38 


Mar.      Apr.  i  May.  |  June.    July.  ,  Aug. 


2.38 

4.68 

2.38 

5.15 

2.42 

5.65 

2.40 

6.35 

2.35 

2.25 

2.48 

4.75 

2.55 

8.30 

2.68 

5.50 

2.72 

5.  .50 

2.72 

6.05 

2.75 

a25 

aoo 

7.25 

a32 

7.15 

3.  .5.5 

6.70 

a. 50 

7.45 

a48 

7.  .52 

3.55 

7.55 

4.25 

7.80 

6.25 

aso 

8,38 

7.45 

8.85 

7.  .58 

7.50 

7.05 

6.20 

a90 

5.95 

7.65 

5.80 

7.50 

a  15 

7.75 

5.42 

7.00 

.5.50 

6.45 

5.15 

6.82 

4.65 

7.45 

4.30 

7.95 
7.85 
9.55 
8.80 
9.45 
9.48 
9.72 
9.60 
9.32 
7.90 
8.98 
a  10 
9.90 
9.45 
9.18 

aa5 

7.60 
a22 
7.  ,55 

8.72 

9.a5 

7.40 
9.40 
6.80 
7.80 
7.15 
a45 
10.40 
11.85 
10.10 
10.75 


9.30 

8.05 

6.30 

7.60 

7.05 

6.50 

a40 

4.85 

4.85 

4.45 

a90 

3.50 

4.40 

6.75 

4.50 

4.45  j 

4.55  I 

4.80 

3.75 

4.80 

2.30 

3.10  \ 

2.70 

3.10 

2.80 

2.00  I 

3.80  I 

2.70  ; 

2.4.5 

2.00 


a  70 
4.80 
6.  .50 
a  85 

a  50 

7.40 
6.30 
5.95 
5.45 
5.25 
5.20 

aoo 

4.65 
4.60 
4.00 
a  40 

ao5 

2.75 
2.85 
2.40 
a  10 
4.20 
a  15 
d.  10 

a  2.5 

4.80 
5.30 
5.70 
6.85 
a  20 
7.10 


Sept.     Oct.      Nov.     Dec. 


6.25 
6.20 
4.55 
5.60 
6.60 

aoo 

9.00 
a  90 
7.20 
6.70 
6.75 

aeo 

6.50 
5.40 
5.60 
6.60 
a  70 
4.05 
4.2.5 
4.05  i 
a  75  ! 

a  70 : 

o.  75 

a  75  I 
aa5 ! 

4.05  ' 
4.65 

a85 
a90  I 

4.00  I 
4.55 


4.45 
4.05 
a  70 

aso 
a  65 

4.00 
4.65 
5.70 
6.65 
6.90 
5.80 
5.50 
7.60 
a  10 
9.00 
10.50 
11.20 
10.40 
9.45 
a  70 

aoo 

■  6.  a5 

6.95 

6.a5 

5.90 
4.45 
5.50 
4.80 
4.40 
4.00 


4.30 

4.40  ' 

5.20 

6.60 

7.70 

7.50 

7.65  I 

7.55 

7.10 

6.85 

6.70 

6.50 

6.25  I 

5.75  I 

5.  .50 

5.40 

4.&5 

4.90 

4.90 

4.90 

5.20 

5.30 

4.35 

4.20  ! 

4.05 

a  80 

a90 

a  85 
a8o 
a  75 
a  70  . 


a  80 
aso 

3.75 
4.10 
4.00  , 

aso  ' 
aso  ; 

a65 1 
aso  ' 
a  40 

4.10 

4.a5 
aso 
a  20  ' 
a25  t 
a  55  I 
a  25  , 

2.85 
2.a5 
2.a5 
2.50 
a  25 

aoo 
a  10 

2.90 

aoo 
2.a5 
aoo 
a  10 
a  GO 


a60 
a  65 
ass 
ass 
a  70 
a6o 
a  40 
ass 
a  35 
a  05 

2.90 
2.60 
2.50 
2.40 
2.45 
2.40 
2.40 
2.35 
2.65 
2.35 
2.30 
2.25 
2.35 
2.30 
2.35 
2.65 
a  15 
a  25 

a  10 
a  OS 
a  15 
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Mean  daUy  gage  heigkty  in  feet,  of  Menominee  River  mar  Iron  Mountainy  Mich.,  September 
4,  1902,  to  December  31,  ilW^— Continued. 


Day. 


190*. 


31. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11 
12 
13, 
14 
15, 
16, 
17 
18 
19 


1905. 


Jan.      Feb.     Mar.     Apr.      May. 


3 

a20 

4. 

2.90 

5 

2. 70 

6 

2. 75 

7 

2. 75 

8 

3.20 

9 

3.60 

10..^  ... 

aso 

11 

3.45 

12 

a20 

13 

3. 10 

14. 

a4o 

15 

.  .'  4.25 

16 

1  4.30 

17 

'  4.30 

18 

1  4.35 

19.. 

1  4.35 

20 

4.40 

21 

4. 15 

22 

4.10 

23 

'  4.2.5 

24 

4.2.5 

25 

'  4.20 

26 

4.20 

27 

4. 25 

28 

4.20 

29 

'  4.50 

4.45 
4.35 


2.00 
2.58 


I 


4.30 

4.25 

4.30 

4.50 

4.30 

4.25 

4.20 

4.20 

4.25 

4.00 

3.90  i 

a95 

a90 

a85 

a95 
a8o 

3.75 

a  75 
a  70 
a90 
a  75 
a  60 
a6o 
a55 
aos 
a55 
a  75 

4.55 
4.90 


4.75 : 

4.70 
4.55 
*4.10 
a90  I 
4.50  I 
4.90 
4.80  I 
4.70  ! 
a  95  , 
a  50  ; 

aoo 
a  15 
a3o 
a25 
aoo 
ao5 
a35 
a45 
a  15 
a  15 
a4o 
a45 
a  75 

4.55 
4.60 
4.35 
4.40 
4.30 
4.55 
4.60 


2.35 
2.38 
2.45 


2.35 
2.60 
2.60 
2.80 
2.82 


' 

I 

2.40 

1 

2.38 

a  20 

2.30 

2.22 

'  2.90 

2.5.5 


2.25 

2.92 

2.35 

4.65 
4.55 
4.35 
4.60 
5.10 
4.85 
4.70 
4.65 
6.05 
6.20 
4.10 

aso 

a65 

a  70 
a  75 

4.10 

a95 

4.25 

4.40 

4.30 

4.35 

4.40 

5.45 

6.05 

7.35  I 

7.25  I 

7.45 

8.35 

7.75 

7.40 


7.90 
7.95 
8.70 
9.70 
8.15 
9.70 

aso 

ia40 
11.95 
(«> 
11.80 
11.10 
10.70 
10  55 
9.6.5 
9.05 
8.10 
a  15 
a  15 
&25 


7.40 
6.80 
6.70 
7.00 
' 7.90 

2.70  1 aoo 

7.45 

2.60       6.80 

I    2.62       6.80 

2. 60  6. 60 
7.00 
7.30 
7.40 
7.40 
6.70 
6.40 
6.10 
6.20 
5.80 


June.    July.  ^  Aug.  '  S'pt. 


a45 
6.95 
5.65 
6.30 
9.60 
7.30 

aso 

7.50 
a55 

aso 

7.50 

a70 
a  70 

5.90 

a40 

4.95 
4.60 
4.50 

a70 
aso 


&40 
8.50 
9.10 
9.20 
9.20 
9.30 
9.20 
9.80 
9.60 
9.10 
9.00 
9.10 
a  30 
7.40 
a  60 
9.70 

laio 

10.20 


4.90 

aso 

a  15 

4.40 

a  10 

a  70 

7.05 

a7o 

a25 

a45 

9.60 

7.30 

(o) 

a  75 

10  90 

aeo 

10.00 

a7o 

a  70 

a  70 

aoo 

aeo 

a60 

5.60 
2.40  I 
2.40  I 
a50 

aso 
a  90 

7.30 

a30  I 

7.10  ! 
6.20 
5.80  1 
5.70  I 
5.70  I 

a80 
a  40 

7.30 
7.20 
10.20  I 


4.  GO 
2.35 
2.20 
2.90 
2.80 
a70 
a60 

aeo 

4.20 
O.30 
4.10 
4.20 
1.80 
4.30 
a  75 
4.30 
1.65 
a25 

a  05 

2.50 
4.30 
2.70 
2.30 
1.30 
2.75 
1.40 
2.70 
1.50 
a  10 
1.45 
1.30 


^7t^  i 


5.50  ! 

aeo 
a  40 

7.10 

aoo 
aoo 

7.60 
7.60 

aso 

4.20 
5.20 
4.90 

a40 

5.20 
5.60 
4.30 
4.40 
a  10 

a90 


I 


o  Gage  under  water. 


2.35  I 
a30 
2.90  I 

aoo 

1.30 
2.70 
1.30 
1.20 
1.45 
a20 

a80 

4.40 
4.00 
1.90 
2.05 
a  70 

aeo 

4.00 

a  10 
a  15 

2.40 

a65 
a45 
a90 
adO 
a4o 

2.70 
2.30 
1.90 
2.05 
1.95 

4.20 
a  70 

a4o 
afio 
a40 
a45 
a30 
a25 
a40 
a3o 
a4o 
a2o 
a2o 
a30 
a  30 

2.80  I 
2.60 
2.65 
2.50 
6  River 


1.80 

aid 
a7o 

4.95 
4.30 
4.00 
4.10 
4.10 
a70 

a  15 

2.90 

a  10 

2.55 

2.85 

a50 
a4o 

2.80 

a  15 

2.60 
2.70 
2.95 
2.30 
2.55 

aso 
a90 
ao5 

4.15 
4.00 

aso 
a  37 


Oct.  I  Nov.     Dec. 


2.80 
a90 
7.20 

aoo 

7.80 
7.00 

a30 
aso 

4.60 
4.40 
4.10 

a  70 
a35 
aoo 

2.95 

aeo 

4.30  , 
4.40  I 
4.80  I 
frozen. 


ao5  I 

2.75 
2.65 
2.45 
2.75 
2.85 
2.55 
2.90 

aso 
a  70 

7.60 
a25 
7.80 
7.35 
a40 

a90 
ass 
a30 

5.20 

aoo 

5.00  I 
5.05  I 

a  05 
a  15 
aos 
a  15 
aos 

4.85 
4.35 
4.30 

a90 

2.82  j 

2.80 

2.60 

2.42 

2.42 

2.35 

2.40 

2.42 

2.40 

2.35 

2.40 

2.45 

2.50 

2.55 

2.80 

2.90 

2.82 

2.98 

a  10 


a  10 

a65 

4.10 

a  75 
ass 
aso 
aso 

4.85 
4.10 

a  10 
a2o 
a2o 
a  25 
aos 

2.95 

aos 

2.80 

ass 
a  15 

2.92 
2.90 
2.67 
2.77 
2.85 
2.75 
2.42 
L92 
1.75 
2.00 
2.07 


a30 

a30 
aio 
aoo 
aoo 
aoo 

2.95 

2.88 
2.92 

aoo 
aoo 
aoo 

2.90 
2.98 

a  10 
a  15 
aos 

2.90 
2.88 


2.42 

2.20 

2.22 

2.25 

2.5.5 

2.50 

2.30 

2.92 

2.9S 

2.97 

2.75 

2.50 

±Z1 

2.27 

2.32 

232 

2.47 

2.50 

2.47 

2.27 

2.22 

2.42 

2.3; 

2.40 


2.S 
2. 3D 

(») 

2.  GO 

1.80 
1.75 
IS 
130 
2.25 
2.€o 
130 

lis 

130 
120 
130 

lao 

145 
130 
125 
140 
130 
1» 
100 
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Mean  daUy  gage  height^  in  feet,  of  Menominee  River  near  Iron  Mowntainy  Mich.,  September 
4, 190S,  to  December  31, 1905— Continued. 


Day. 

1905 
20 

Jan. 

2.95 
2.78 
2.75 
2.50 

Feb. 
2.35 

21 

•>'> 

1 

2.35 
2.40 
2.40 

2.45 

3.00 

n 

1 

Mar. 


2.50 
2.40 
2.45 
2.50 
2.65 
2.96 
3.40 

aso 

4.60 
6.00 
7.60 
7.40 


Apr.     May. 


5.80      9.30 
5. 70     10. 20 


June.    July. 


6.00 
6.20  I 
6.00  I 
5.80 
6.40  ' 
6.80 
7.60 
8.00 
8.80 


7.40 
7.40 
7.40 
6.00 
5.20 
7.60 
5.60 
4.80 
5.80 
3.40 


9.30 
6.70 
8.40 
6.50 
6.50 
5.80 
5.60 
7.80 
7.60 
8.00 
8.90 


I 


3.40 
2.20 
2.05 
2.95 
3.90 
3.70 
3.70 
3.40 
3.95 
4.60 
4.70 
4.60 


Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

2.70 

4.90 

3.30 

2.90 

2.95 

2.72 

4.80 

3.50 

3.06 

2.85 

2.25 

4.40 

3.50 

3.05 

2.70 

2.00 

3.80 

3.50 

3.10 

2.60 

2.22 

3.50 

3.50 

3.05 

2.60 

2.28 

3.45 

3.56 

3.16 

2.62 

2.20 

3.15 

3.50 

3.20 

2.66 

2.28 

2.95 

3.40 

3.05 

2.70 

1    2.10 

3.05 

3.20 

2,90 

2.55 

2.12 

2.85 

3.20 

2.60 

2.40 

2.07 

2.80 

3.20 

1.80 

2.40 

2.00 

3.30 

2.48 

Rating  table  for  Menominee  River  near  Iron  Mountain,  Mich.,  September  4, 190^,  to  December 

31,  1905. 


Gage 
height. 

Discharge 
Second-feet. 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

height. 

1 
Discharge. 

heil^t. 

Discharge. 

Feet. 

!     Feet. 

Second-feet. 

Feet. 

Seeond-feet. 

1.2 

1,032 

2.8 

2,080 

4.4 

3,242 

6.8 

5,230 

1.3 

1,094 

2.9 

2,150 

4.5 

3,319 

7.0 

5,420 

1.4 

1,156 

3.0 

2,220 

4.6 

3,306 

7.2 

5,615 

1.5 

1,219 

ai 

2,290 

4.7 

3,474 

7.4 

5,815 

1.6 

1,282 

3.2 

2,  .61 

4.8 

3,552 

7.6 

6,025 

1.7 

1,346 

3.3 

2,432 

4.9 

3,630 

7.8 

6,235 

1.8 

1,410 

.      3-4 

2,503 

5.0 

3,708 

8.0 

6,450 

1.9 

1,475 

1          3.5 

2,575 

5.2 

3,865 

8.5 

7,020 

2.0 

1,540 

,          3.6 

2,647 

5.4 

4,023 

9.0 

7,630 

2.1 

1,606 

3.7 

2,719 

5.6 

4,183 

9.5 

8,28a 

2.2 

1,672 

a8 

2,792 

5.8 

4,345 

10.0 

8,970 

2.3 

1,739 

3.9 

2,866 

ao 

4,510 

10.5 

9,670 

2.4 

1,806 

4.0 

2,940 

6.2 

4,680 

U.0 

10,370 

2.5 

1,874 

'          4.1 

3,015 

a4 

4,860 

11.5 

11,070 

2.6 

1,942 

4.2 

3,090 

6.6 

5,040 

12.0 

11,770 

2.7 

2,011 

4.3 

3,166 

1KB   1& 

6—06 

i 
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Estimated  monthly  discharge  of  Menominee  River  near  Iron  Mountain,  Mich.,  September ,  1902, 

to  December  31, 1905. 

[Drainage  area,  2,415  square  miles.] 


Date. 


8eptenil)er  (4-30). 

October 

November 

December 


April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


1904.0 


April 

May 

June 

July 

August 

September. 

October 

November. 
December . . 


1905.0 


April 

May 

Juno 

July 

August 

September. 

Octol)er 

November.. 
DecemlxT. . . 


Maxi- 
mum. 


Discbarge. 

I    Mini-    ' 
mum. 


Run-off. 


Sec-feet. 
!  1,772 
I  2,625 
\  6,306 
2,647 

6,780 
11,560 
8,020 
6,670 
7,630 
10,650 
6,130 
3,669 
2,719 

8,150 
11,770 
8,410 
3,396 
3,242 
3,669 
6,725 
3,591 
2,199 

7,140 
9,250 
9,250 
7,140 
3,090 
6,450 
2,611 
2,432 
2,530 


Sec-feet. 
1,032 
1,094 
1,806 
1,282 

1,705 
4,698 
1,540 
1,806 
2,467 
2,575 
2,719 
1,874 
1,705 

2,683 
3,630 
2,575 
1,094 
1,032 
1,410 
1,840 
1,378 
1,672 

4,265 
2,503 
1,806 
1,573 
1,640 
2,060 
1,772 
1,410 
1,378 


Mean. 


Sec-feet. 
1,295 
1,506 
2,829 
1,909 

5,175 
7,496 
3,417 
3,653 
4,049 
5,091 
4,057 
2,505 
2,150 

3,995 
7,879 
4,791 
2,196 
2,125 
2,488 
3,650 
2,293 
1,838 

5,282 
6,810 
5,011 
3,850 
2.130 
3,284 
2,163 
2,204 
2,085 


Per 
square 
mile. 

D«pth. 

Sec-feti. 

Inches. 

0.536 

a538 

.661 

.762 

1.17 

1-30 

.790 

.911 

2.39 

2.14 

3.67 

3.10 

1.57 

1.41 

1.70 

1.47 

1.94 

1.68 

2.35 

2.1. 

1.04 
1.16 
1.03 

1.84 
3.76 
3.21 
1.05 
1.01 
1.15 
1.74 
1.06 
.877 

2.10 
2.82 
2.07 
1.59 

.882 
1.96 

.896  . 

.913 

.863 


I 


1.68 
L&4 
.890 

L65 
3.26 
1.96 
.909 
.880 
1.03 
LSI 

.761 

2.44 
3L25 
2.31 
1.83 
1.02 
1.52 
1.03 
1.02 
.9«S 


o  Ice  conditions  January,  February,  and  March.    No  estimate  made. 

The  followHig  table  of  drainage  areas  of  Menominee  River  at  various  points  is  compiled 
from  Water-Supply  and  Irrigation  Paper  No.  83: 

Menominee  River  drainage  areas. 

Square  milea- 

Brule  River  above  Iron  River 170. 0 

Iron  River  above  mouth ^-7 

Bnile  River,  including  Iron  River 2(W.  7 

Brule  River  above  Paint  River 305-  0 

Paint  River  at  mouth 738. 5 

Brule  River  at  junction  with  Michigamme  River 1 ,  044. 0 
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Square  miles. 

Michigamme  River  at  mouth 723. 7 

Menominee  River  at  junction  of  Brule  and  Michigamme  rivers 1, 767. 7 

Menominee  River  above  junction  with  Pine  River 1, 833. 0 

Pine  River 586. 0 

Menominee  River,  including  Pine  River 2, 419. 0 

Menominee  River  above  Sturgeon  River 2, 538. 0 

Sturgeon  River  at  mouth 396. 0 

Menominee  River,  including  Sturgeon  River 2, 934. 0 

Menominee  River  above  junction  with  Pemebonwon  River 2, 993. 0 

Peme  Bon  Won  River 163. 0 

Menominee  River,  including  Pemebonwon  River 3, 156. 0 

Menominee  River  above  junction  with  Pike  River 3, 274. 0 

Pike  River 292.0 

Menominee  River,  including  Pike  River 3, 566. 0 

Menominee  Riter  above  Little  Cedar  River *3, 792. 0 

Little  Cedar  River 149.0 

Menominee  RiVer,  including  Little  Cedar  River 3, 941. 0 

Menominee  River  at  mouth 4, 1 13. 0 

WATER  POWERS. 

GENERAL  CONDITIONS. 

Principally  because  of  the  opening  lip  of  the  many  rich  and  valuable  iron  mines  of  this 
region,  and  the  resulting  extensive  railroad  building,  the  valley  of  Menominee  River  has 
had  a  rapid  development.  The  following  railroads  at  present  have  extensions  in  this 
territory:  Chicago,  Milwaukee  and  St.  Paul;  Chicago  and  Northwestern;  Minneapolis,  St. 
Paul  and  Sauli  Ste.  Marie;  and  Wisconsin  and  Michigan.  All  of  them  cross  the  Menomi- 
nee one  or  more  times,  and  several  are  near  enough  to  run  short  spurs  to  the  important 
water-power  sites.  The  developed  water  power  is  at  present  used  for  the  most  part  in 
mining  and  for  the  operation  of  lumber,  paper,  and  pulp  mills. 

Menominee  River  varies  in  width  from  200  to  600  or  700  feet  far  up  toward  the  head- 
waters. For  the  first  7  miles  from  the  junction  of  the  Brule  and  Michigamme  there  are 
no  heavy  rapids,  but,  in  the  language  of  the  lumberman,  there  is  "strong  water '^  all  the 
way  and  probably  many  good  water-power  sites. 

BAD    WATER   RAPIDS. 

The  first  notable  rapids,  known  as  the  Bad  Water  rapids,  occur  7  miles  below  the  head 
of  the  river,  in  sec.  27,  T.  40  N.,  R.  19  E.,  at  a  point  where  the  river,  100  feet  wide,  descends 
5  feet  over  a  ledge  of  rock.  While  definite  information  is  lacking,  it  is  likely  that  a  dam 
could  be  built  here,  giving  a  head  of  10  feet. 

TWIN   FALLS. 

About  3i  miles  below  Bad  Water  rapids,  in  sec.  2,  T.  39  N.,  R.  19  E.,  are  the  Twin 
Falls,  about  one-half  mile  apart.  The  vertical  fall  in  each  case  is  12  feet,  but  the  adja- 
cent rapids  are  sufficient  to  increase  the  total  descent  to  28  feet. 

PINE  RIVER  RAPIDS. 

For  6  miles  below  the  foot  of  Twin  Falls  the  total  descent  of  the  river  is  but  20  feet, 
and  the  only  rapids  worthy  of  note  are  those  extending  for  about  five-eighths  of  a  mile 
on  both  sides  of  the  mouth  of  Pine  River.  Here  an  island  divides  the  river  into  two  chan- 
nels with  rocky  bed.  The  descent  of  the  rapids  at  this  point  is  said  to  be  6  feet,  but  as 
the  banks  are  high  a  dam  could  develop  more  than  this.  Pine  River  increases  the  drain- 
age area  by  586  square  miles. 
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HOR8E  RACE   RAPIDB. 

The  most  important  rapids  between  Twin  Falls  and  Big  Quinnesec  Falls,  called  the 
Horse  Race,  are  found  in  sec.  7,  T.  38  N.,  R.  20  E.,  both  above  and  below  the  CSiicago, 
Milwaukee  and  St.  Paul  Railroad  bridge.  These  rapids  consist  of  two  pitches,  the  upper 
of  about  20  and  the  lower  of  8  feet  descent,  separated  by  about  2,000  feet  of  less  swift 
water.  As  the  banks  are  high  and  the  river  narrow,  it  seems  likely  that  a  dam  oould  be 
economically  constructed  here  to  develop  about  40  feet  of  head.  This  site  is  only  3  miles 
from  Iron  Mountain,  Mich. 

BIO   QUINNE8EC   FALLS. 

A  little  over  7  miles  Ix^low  the  mouth  of  Pine  River,  and  4  miles  from  QuinDesec,  are 
the  Big  (Upper)  Quinnesec  Falls.    These  are  located  in  sec.  6,  T.  38  N.,  R.  20  E. 

At  Upper  Quinnesec  Falls  the  river  narrows  to  hardly  mora  than  fiO  feet  wide  (map  meaauremnitj 
between  rocky  banks  of  igneous  origin.  Immediately  at  the  foot  of  the  falls  the  river  widens  oat. 
and  about  800  feet  below  is  700  feet  across.  On  the  Wisconsin  side  the  banks  are  80  to  100  feet  U^ 
and  on  the  Michigan  side  30  to  40  feet.a 

Below  the  falls  the  river  descends  only  2  feet  to  the  mile  for  a  distance  of  about  3  miies. 
At  present  only  54  feet  of  the  total  head  is  improved,  one-half  of  the  power  being  used  to 
compress  air  for  the  supply  of  the  Chapin  Iron  Mines  at  Iron  Mountain,  3}  miless  distant. 
The  remaining  port  ion  is  to  be  harnessed  in  1905  and  used  for  operating  mines  at  Norway, 
9  miles  away.  On  account  of  the  local  conditions  it  is  unlikely  that  ibuch  more  than  tiie 
present  head  can  be  economically  developed. 

LITTLE   QUINNESEC   FALLS. 

Four  miles  below  in  sec.  10,  T.  38  N.,  R.  20  E.,  are  the  Little  (lower)  Quinnesec  Fafls, 
which,  together  with  the  upper  falls,  described  above,  form  the  most  important  poweis  oo 
the  river.  For  the  greater  portion  of  the  distance  between  the  upper  and  lower  QuinDesiec 
Falls  there  is  comparatively  quiet  water.  The  greater  part  of  the  descent  of  24  feet  in 
this  distance  occurs  in  the  lower  2  miles.  Above  the  upper  and  below  the  lower  falk  the 
banks  are  generally  high  near  the  river,  but  between  these  falls  the  hills  recede  from  the 
ri>vr  an  average  distance  of  about  one-half  mile  and  are  separated  from  it  by  a  flat  and  in 
some  places  swampy  area. 

Maj.  T.  B.  Brooks,  who  reported  on  the  geology  of  this  district,  considered  that  the  shore 
deposits  indicated  the  presence  of  a  lake  at  a  comparatively  recent  date. 

Above  Little  Quinnesec  Falls  the  river  runs  southwest,  but  at  the  foot  of  the  falls  it  sud- 
denly turns  at  right  angles  and  runs  southeast,  the  water  surging  down  an  incline  of  about 
45*^  and  then  plunging  into  the  comparatively  still  water  of  the  basin  bek)w.  Tlie  total 
fall  is  62  feet.  A  short  distance  above  the  falls  the  river  is  250  feet  wide,  but  narrows 
down  at  the  pitch  to  about  50  feet.  The  falls  are  hemmed  in  by  great  masses  of  green- 
stone and  schist  rock.  Along  the  Michigan  side  a  steep  cliff  of  greenstone  at  least  140  feet 
high  forms  the  bank  for  a  distance  of  a  mile  or  more.  A  smaller,  but  similar,  rib  of  rods 
forms  the  Wisconsin  bank  for  about  700  feet. 

Formerly  Little  Quinnesec  Falls  were  partially  developed  under  25  feet  head  for  wood- 
pulp  grinding;  but  in  1898  they  were  redeveloped  by  the  Kimberly  &  Clark  Company  for 
wood-pulp  and  paper  manufacturing.  A  ledge  of  rock,  which  is  used  for  a  bridge  pier, 
divides  the  falls  into  two  channels.  The  present  development  gives  a  net  head  of  62  feet, 
equivalent  to  8,370  theoretical  horsepower.  An  actual  installation  of  turbines,  generating 
5,800  horsepower,  consumes  all  the  available  power. 

SAND   PORTAOB   RAPIDS. 

These  rapids  lie  between  Little  Quinnesec  Falls  and  the  mouth  of  Sturgeon  Fiver.  Tbcy 
receive  this  name  l)ecause  the  Indians,  in  making  their  ** carry"  arouikl  part  of  thefo. 


a  Tenth  Census,  vol.  17. 
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ptissed  over  a  large  amount  of  sand.  The  rapids  are  scattered  along  a  distance  of  6  miles, 
in  which  space  there  is  a  descent  of  60  feet.  About  half  of  this  amount  is  concentrated  in 
the  1}  miles  between  the  falls  and  the  old  cable  bridge  or  ferry  below.  As  the  topographic 
map  shows  very  high  banks,  fairly  close  together,  a  head  of  25  feet  or  more  may  some  day 
be  developed  here.    The  Chicago  and  Northwestern  Railway  is  distant  only  1.5  miles. 

Between  the  above-described  dam  site  and  a  point  2.5  miles  below,  the  river  descends 
27  feet.  A  point  due  south  of  Norway,  Mich.,  and  on  the  road  leading  from  that  city  is 
probably  the  best  location  for  the  dam  to  develop  this  fall,  but  even  here  a  dam  not  less 
than  700  feet  long  would  probably  be  required. 

Menominee  River  descends  but  6  feet  between  this  point  and  the  mouth  of  Stui^geon 
River.    This  may  be  considered  a  part  of  the  Sturgeon  Falls  power. 

STURGEON   FALLS. 

From  below  the  mouth  of  Sturgeon  River  to  a  point  just  above  Pemebonwon  River,  a 
distance  of  10  miles,  the  drainage  area  increases  from  2,934  square  miles  to  2,993  square 
miles.  In  this  stretch  are  Sturgeon  Falls,  one-Lalf  mile  below  the  mouth  of  Sturgeon 
River,  in  sec.  22,  T.  38  N.,  R.  21  E.,  Wisconsin.  These  falls  have  high  rock-ledge  banks, 
with  two  pitches  aggregating  13  feet.  By  backing  the  water  a  distance  of  about  3  miles 
this  head  could  be  increased  to  15  feet.  At  the  head  of  the  falls  the  river  narrows  to  about 
200  feet,  but  at  the  foot  }t  spreads  out  into  a  broad  basin.  In  order  to  use  the  power  it  will 
probably  be  necessary  to  blast  out  a  race  in  the  rocks  or  build  a  flume  and  locate  the  mill 
at  or  near  the  foot  of  the  rapids. 

In  the  next  10  miles  tfie  river  descends  only  17  feet,  with  a  fairly  even  grade,  except  for 
two  or  three  small  rapi4^.  The  largest  of  these.  Nose  Peak  rapids,  is  about  1,000  feet 
long  And  descends  about  4  feet. 

PEMENA    DAM   AND   RAPIDS. 

A  tegging  dam  which,  together  with  the  adjacent  rapids,  gives  a  fall  of  14  feet  in  a  dis- 
tance of  a  quarter  of  a  mile  is  located  in  sec.  24,  T.  37  N.,  R.  21  E.  The  Minneapolis,  St. 
Paul  ttnd  Sault  Ste.  Marie  Railway  crosses  the  river  2^  miles  above  the  dam  and  passes 
within  a  fraction  of  a  mile  from  it.  The  operation  of  a  dam  at  this  point  for  lumbering 
purposes  greatly  lessens  the  amount  of  available  power.  At  the  present  rate  of  progress, 
how<^er,  this  dam  will  be  needed  for  logging  only  a  few  more  years.  It  has  been  found 
elsewhere  in  the  State  that  river  logging,  except  for  pine,  can  not  compete  with  railroad 
transportation. 

Fi^6in  below  Pemebonwon  River  to  a  point  just  below  Pike  River,  a  distance  of  18  miles, 
the  drainage  area  increases  from  3,156  square  miles  to  3,566  square  miles.  Pemena,  Chalk 
Hill,  and  White  rapids  occur  in  this  distance. 

About  a  mile  above  the  mouth  of  Pemebonwon  River,  in  sec.  8,  T.  36  N.,  R.  21  E.,  the 
Pemena  rapids  begin.  They  extend  for  a  distance  of  about  2  miles,  with  a  total  descent 
of  20^  feet.o  The  river  bed  here  is  a  metamorphic  slaty  schist,  and  the  location  is  said 
to  be  favorable  for  a  dam  site.  The  Wisconsin  and  Michigan  Railway  runs  parallel  to  the 
river  at  this  point  and  is  only  2  miles  distant,  and  the  Minneapolis,  St.  Paul  and  Sault  Ste. 
Marie  Railway  crosses  the  river  a  few  miles  above. 

CHALK   HILL  RAPIDS. 

In  the  11  miles  between  the  foot  of  Pemena  rapids  and  the  head  of  White  rapids  the  river 
descends  38  feet,  the  grade  being  even  except  for  three  small  rapids  of  from  3  to  6  feet  each. 
Chalk  Hill  rapids,  the  most  important  of  these  three,  are  located  in  sec.  6,  T  .35  N.,  R.  21 E. 
They  run  over  a  slaty  rock  at  a  point  said  to  be  suitable  for  a  dam,  and  if  developed  in  con- 
nection with  other  falls  about  half  a  mile  above  would  give  a  total  head  of  8  feet  or  more. 

a  This  statement  is  based  on  an  aoourate  profile  of  the  river,  prepared  by  Mr.  T.  W.  Orbison,  C.  E.. 
from  his  actual  surveys.  The  statement  made  in  the  Tenth  Census,  vol.  17,  p.  61,  that  the  total  fall 
la  70  §m,  if  tvldantly  an  error. 
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WHITE  RAPIDS. 

Four  miles  above  the  mouth  of  Pike  River,  in  sec.  19,  T.  35  N.,  R.  21  E.,  are  the  White 
rapids.  The  bed  of  the  river  is  said  to  be  gravel  and  bowlders,  and  the  banks  are  high 
enough  to  give  a  head  of  30  feet,  thus  developing  the  fall  for  3  miles.  Even  above  this 
limit  the  river  desr^^nds  10  feet  in  1}  miles,  as  will  be  seen  from  the  profile  (p.  51).  A  head 
of  30  feet  at  ordinary  low  water  would  develop  5,350  theoretical  horsepower. 

From  below  Pike  River  to  a  point  just  above  Little  Cedar  River,  a  distance  of  25  miks. 
the  drainage  area  increases  from  3,566  to  3,792  square  miles. 

All  the  rapids  thus  far  described  have  been  over  the  pre-Cambrian  crystalline  rociu.  In 
the  next  28  miles  the  river  crosses  the  Cambrian  sandstone  and  ^ 'Lower  Magnesian''  lime- 
stone. No  falls  or  rapids  worthy  of  note  occur  until  Grand  rapids  are  reached,  immediately 
above  the  mouth  of  Little  Cedar  River,  in  sec.  5,  T.  33  N.,  R.  22  E.  These  rapids  are  caused 
by  a  descent  over  hard  ** Trenton"  limestone,  underlain  by  softer  strata.  They  have  a 
fall  stated  at  25  feet  in  a  length  of  3  miles,  but  of  this  fall  only  that  in  the  lower  2  miW, 
amounting  to  18  feet,  can  be  cheaply  developed.  Both  the  Wisconsin  and  Michigan  and 
the  Chicago,  Milwaukee  and  St.  Paul  railways  pass  within  2  or  3  miles  of  this  site. 

From  below  the  mouth  of  Little  Cedar  River  to  the  mouth  of  the  Menominee,  23  miles, 
the  drainage  increases  from  3,941  to  4,113  square  miles. 

TWIN   ISLAND  RAPIDS. 

These  rapids  are  situated  about  7  miles  below  the  Grand  rapids  and  16  miles  from  the 
mouth  of  the  river.  They  extend  for  three-fourths  of  a  mile  and  are  sajd  to  descend  10 
feet.  The  two  islands  lie  one  below  the  other,  dividing  the  river  into  east  and  west  chan- 
nels. The  bed  of  the  river  is  limestone,  the  banks  are  steep,  and  a  dam  could  be  built 
across  each  channel  to  the  Islands.  The  total  length  of  such  dams  is  estimated  at  about 
700  feet.    A  sawmill  with  a  6-foot  head  once  occupied  the  east  channel* 

8CHAPPIES   RAPIDS. 

Located  about  5  miles  from  the  mouth  of  Menominee  River,  in  T.  31  N.  and  between 
Rs.  22  and  23  E.,  Schappies  rapids  extend  for  a  distance  of  about  a  mile.  During  the 
winter  of  1897  a  survey  was  made  of  these  rapids  by  a  competent  engineer,  Mr.  C.  B.  Pride» 
at  a  time  of  extreme  low  water.  He  found  a  discharge  of  2,370  second-feet  and  determined 
thiit  a  head  of  18  feet  could  be  economically  obtained.  This  power  belongs  to  the  Menom- 
inee River  Boom  Company.  The  Chicago,  Milwaukee  and  St.  Paul  Railway  is  located 
about  3  miles  distant. 

MARINETTE  DAMS. 

The  last  series  of  rapids  is  found  at  Marinette,  Wis.,  near  the  mouth  of  the  Menominee. 
The  natural  channel  probably  had  about  12  feet  descent  here,  but  the  Menominee  River 
Boom  Company  built  three  dams,  one  above  another,  the  upper  one  backing  the  water  to 
the  foot  of  Schappies  rapids.  The  first  of  these  dams,  850  feet  long,  located  about  3  miles 
from  the  mouth  of  the  river,  in  T.  30  N.  and  near  the  line  between  Rs.  23  and  24  E.,  de- 
velops a  head  of  7  feet.a  Power  is  applied  to  two  paper  and  pulp  mills  owned  by  the 
Marinette  and  Menominee  Paper  Company  and  also  to  a  flouring  mill.  No  statement  of 
the  turbine  installation  at  the  paper  mills  is  made,  but  that  at  the  flouring  mill  is  95  horee- 
power. 

The  third  dam  from  the  mouth  is  located  on  the  west  line  of  sec.  1,  T.  30  N.,  R.  23  £. 
This  dam  is  940  feet  long  and  has  a  head  of  18  feet.  The  middle  or  second  dam  is  located 
about  a  quarter  of  a  mile  below  the  third  dam  and  is  700  feet  long,  with  a  head  of  7  feet. 
It  is  used  for  boom  purposes  only.    The  Marinette  and  Menominee  Paper  Company  miU 

a  Data  regarding  the  Marinette  dams  (umiihed  by  the  owners. 
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is  located  just  below  this  dam,  but  it  takes  power  through  a  canal  from  the  third  dam.     Its 
turbines  therefore  work  under  a  total  head  of  about  24  feet. 

The  owners  of  these  three  dams  state  that  each  could  be  raised  from  5  to  10  feet  higher 
than  at  present.  • 

TRIBUTARIES  OF  MENOMHTEE  RIVER. 

The  notable  Wisconsin  tributaries  of  Menominee  River  are  Brule,  Pine,  Pemebonwon, 
and  Pike  rivers. 

Brule  River  courses  in  a  bed  composed  mostly  of  gravel  and  bowlders  of  the  drift,  and 
for  this  jeason  has  few  vertical  falls,  one  of  10  feet  being  said  to  exist  at  its  mouth.  It  is 
described  as  having  a  series  of  rapids  or  "strong  water"  for  its  entire  length  of  42  miles. 
Its  total  drainage  area,  including  that  of  Paint  River,  is  1,044  square  miles. 

The  following  table  gives  a  fairly  complete  profile  of  Brule  River: 

Profile  of  Brule  River,  Wisconsin,  from  its  mouth  to  sec.  23,  T.  41  N.,  R.  U  E.a 


No. 


Station. 


Brule,  Wis.    (C.  &  N.  W.  bridge) 

i  mile  below  secUon  line  22-23,  T.  41  N.,  R.  15  K  .. 

Center  of  bend  E.  J  stake,  sec.  31,  T.  41  N.,  R. 
15  E 

i  mile  west  of  east  line,  sec.  24,  T.  41  N.,  R.  14  E 

0.4mlle  below  dam.    Noted  below 

Above  dam  800  fe«t  east  of  i  post,  sec.  22-23,  T.  41 
N.,  R.  14B 

i  mile  last  of  section  line  22-33,  T.  41  N.,  R.  14  E ... . 


Distance— 

Eleva- 
tion 
above 
sea  level 

Descent^  be- 
tween points. 

From 
mouth. 

Be- 
tween 
points. 

Total. 

Per 

mile. 

Miles. 

Miles. 

Feet. 

Feet. 

Feet. 

7.0 

1,260 
1,411 

24.0 

±17.0 

151 

8.8 

29.5 

5.4 

1,431 

20 

3.7 

31.6 

2.1 

1,468 

37 

18.0 

33.1 

1.5 

1,490 

22 

14.6 

33.5 

.4 

1,507 

17 

42.5 

35.5 

2.0 

1,520 

13 

6.5 

o  Authority:  No.  1,  Chicago  and  Northwestern  Railway;  Nos.  2-7,  U.  S.  CJeol.  Survey. 

Pine  River,  the  largest  tributary  lying  wholly  in  Wisconsin,  has  a  total  length  of  S3  miles 
and  drains  an  area  of  586  square  miles. 

In  the  first  half  mile  from  Its  mouth  the  current  is  very  rapid  &;  In  the  next  12  or  13  miles  the  fall  is 
comparatively  slight,  and  in  the  next  3  miles  there  are  two  falls  of  8  feet  each  1,000  fe(>t  apart,  half  a 
mile  of  strong  water,  succeeded  by  another  fall  of  12  feet,  then,  half  a  mile  above,  a  fall  of  40  feet. 
Sixty  feet  above  this  is  a  togging  dam  belonging  to  the  Menominee  River  Improvement  Company.* 


The  length  of  Pike  River  is  48  miles. 


if  Tenth  Census. 
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The  location  and  height  of  dams  on  Menominee^  River  and  tributaries  in  Wisconsin  arc 
sho>*Ti  in  the  following  table: 

Dams  on  Menominee  River  and  tributaries  in  Wisconsin. 


Dam. 


Menominee  River: 

1 

2 


Pemena  dam. 
Pike  River: 

I 


North  Brancli  of  North  Branch  Pike  River. 
North  Branch  Pike  Rivor: 

1 


South  Branch  Pike  Rivor: 


Pine  River: 

1 

2 


3 

4 

Brule  River: 
1 


2 

3 

Wheeler  dam . 


Sec-    ,  Town- 
tion.       ship. 


Raoge. 


Height 


'jof  dam. 


32  t 
24 


28 


32 
20 


35 : 
29 ; 


30 


30  ' 

31 

37 

35 
35 
37 


36  ' 

35 

36  ' 

36 

36 

36! 


39  {  18 

39  15 

39  ,  14 

40  13 


5 

40 

17 

19 

41 

16 

15 

42 

13 

23 

41 

14 

FeeL 


14 
12 

9 
13 
13 

9 

13 

13 

9 
11 
10 

6 

9 
10 
10 

9 

7 
8 


PESHTIGO  RIVER. 

In  length,  grade,  shape,  and  size  of  drainage  area  Peshtigo  River  closely  resembles  its 
neighbor,  the  Oconto.  It  descends  an  average  of  nearly  10  feet  to  the  mile,  but  few  of 
its  powers  have  as  yet  been  developed,  because  thia  region  is  very  thinly  populated.  The 
only  powers  reported  are  two  at  Peshtigo.  A  4&m  with  a  10-foot  bead,  owned  by  the  Pesh- 
tigo Lumber  Company,  supplies  the  power  for  a  sawmill,  which  has  turbines  of  1,390  horse- 
power installed.    A  flouring  mill  of  50  horsepower  is  also  located  at  Peshtigo. 

The  next  important  development  is  a  power  known  as  "  High  Falls  "  in  sec.  1,  T.  32  N., 
R.  18  E.  In  a  distance  of  165  feet  the  river  descends  46  feet.  A  dam  1,000  feet  long  would 
increase  this  to  55  feet.  In  a  recent  report  on  this  power  by  a  competent  engineer,  it  is 
stated  that  a  dam  200  feet  long  1^  miles  above  this  point  would  create  an  immense  reser- 
voir.    Both  dam  site^  are  on  the  pre-Oambrian  rock,  and  the  banks  are  of  clay  and  sand. 

A  few  miles  below,  in  sec.  9,  T.  32  N.,  R.  19  E.,  are  the  Grindstone  Rapids,  with  a  fall  of 
25  feet.  The  banks  at  this  pomt  are  said  to  be  high  and  steep.  The  Wisconsin  Geological 
Survey  map  shows  a  descent  of  35  feet  in  sec.  10,  T.  33  N.,  R.  18  E.  A  dam  at  Ellis  Junction 
creates  a  large  pond  and  furnishes  a  head  of  12  feet,  which  was  formerly  used  to  run  a  saw- 
mill. It  is  now  proposed  to  increase  this  head  to  24  feet  and  to  use  the  power  for  a  new 
pulp  mill. 
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Between  Ellis  Junction  and  the  mouth  the  Chicago,  Milwaukee  and  St.  Paul  and  the 
Chicago  and  Northwestern  railways  are  adjacent  to  the  river,  which  is  still  being  used  for 
lumbering  purposes.  Besides  the  above-described  dams,  logging  dams  are  located  in  sec. 
10,  T.  33  N.,  R.  18  E.,  and  in  sec.  22,  T.  34  N.,  R.  18  E.,  with  heads  of  10  and  8  feet, 
respectively.    The  following  table  shows  the  profile  of  the  river: 

Profile  ofPeahiigo  River  from  its  mauih  to  near  North  Crandon. 


station. 

Dis- 
tance 
from 
mouth. 

Eleva- 
tion 
above 
sea  level. 

Authority. 

Mouth  of  river 

Miles. 

Feet. 
581.3 
594.7 
619.7 
658.0 

1,620.0 

United  States  engineers. 
Wisconsin  and  Michigan  Rwy. 
Chicago  and  Northwestern  Rwy. 
Do 

Peshtigo 

18 

+18 

Do 

West  of  Ellis  Junction . .   . . 

48 
140 

Near  North  Crandon 

Minneapolis,  St.  Paul  and  Sault  Ste. 
Marie  Rwy. 

OCONTO    RIVER. 

GENERAL  COXDITIONS. 

Oconto  River  rises  in  a  number  of  small  lakes  and  swamps  in  the  plateau  region,  at  an 
elevation  of  about  1 ,530  feet  above  the  sea.  In  its  length  of  87  miles  it  descends  945  feet. 
In  the  upper  35  miles  of  its  course  the  river  flows  over  the  crystalline  rocks,  and  here  is 
found  about  two-thirds  of  its  total  fall.  Upon  leaving  the  crystalline  rocks  the  river  flows 
nearly  due  south  for  20  miles  oyer  the  Cambrian  sandstones.  At  Underbill  it  turns  abruptly 
and  flows  neaoly  due  east,  crossing  the  "  Lower  Magnesian  "  and  "  Trenton  "  limestones  and 
joining  Lake  Michigan  near  Oconto.    The  profile  of  the  river  is  shown  in  the  following  table: 

Profile  of  Oconto  River ^  Wisconainy  from  its  mouth  to  Wahena.a 


No. 


Station. 


From 
mouth. 


Distance.         '   Eleva-      tw^^lSli 
tion      Z 


Chicago  and    Northwestern    Railway    bridge,  i 
Oconto j 

Chicago.  Milwaukee  and  St.  Paul  Railway  bridge, 
Oconto. I 

StUes 

UnderhUl 

Surings 

One  mile  south  of  mountain 

Two  miles  north  of  mountain 


8  <  Wabena. 


Miles. 


Between!    J^Y®,    t,  ^^j       Per 
points.  .8«ft  '«vel.   Total      ^^^^^ 


Miles. 


I 


Feet. 

581 

590 
614 
770 
791 
916 
941 
1,526 


Feel.   I    Feet. 


24 
156 

21 
125 

25 
585 


1.8 
4.0 
7.8 
1.9 
7.8 
8.3 
24.3 


The  most  important  powers  are  found  in  the  last  33  miles  of  its  course,  in  which  distance 
the  river  descends  190  feet. 

WATER  POWERS. 


The  first  dam  above  the  mouth  of  the  Oconto  River  is  located  at  Stiles,  in  sec.  34,T.  28  N. 
R.  20  E., where  a  dam  400  feet  long,  with  11-foot  head,  furnishes  power  for  saw  and  pulp 
mills  owned  by  the  Anson  Eldred  Company.    This  company  has  installed  turbines  of  500 


o  Authority:  Nos.  1  and  4-8,  Chicago  and  Northwestern  Railway;  Nos.  2  and  3,  Chicago,  Milwaukee 
and  St.  Paul  Railway. 
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horsepower.     It  is  reported  that  by  constructing  a  dike  about  450  feet  long  the  head  could 
be  increased  to  18  feet. 

OCONTO  PALL8. 

The  most  important  concentration  of  fall  on  the  river,  about  100  feet,  occurs  in  the  "Lower 
Magnesian"  limestone  at  Oconto  Falls,  in  sec.  25,  T.  28  N.,  R.  19  E.  A  dam  owned  by 
the  Falls  Manufacturing  Company  has  a  head  of  37  feet  and  supplies  power  for  a  large  paper 
and  pulp  mill.  The  company  has  installed  turbines  rated  at  1,370  horsepower,  besides 
400  steam  horsepower.  About  a  quarter  of  a  mile  farther  up  is  located  a  dam  of  19-foot 
head,  which  furnishes  power  for  a  large  pulp  mill,  belonging  to  the  Union  Manufacturii^ 
Company.  Seven  turbines  rated  at  940  horsepower  are  installed.  These  run  twenty-four 
hours  every  day  except  Sunday.  Only  half  a  mile  below  the  Falls  Manufacturing  Com- 
pany's dam  are  some  important  rapids,  where  an  excellent  power  is  available.  It  is  esti- 
mated that  a  dam  250  feet  long  would  develop  a  head  of  nearly  40  feet.  This  power  is 
owned  by  E.  A.  Edmonds,  who  has  a  charter  for  a  dam  at  this  point  with  a  head  of  27.5 
feet.  The  Chicago  and  Northwestern  railway  furnishes  excellent  shipping  facilities  at  all 
the  Oconto  Falls  powers  described  above. 

PULCIFER   DAM. 

The  last  dam  used  for  power  purposes  is  located  in  sec.  6,  T.  27  N.,  R.  18  E.,  and  furnishes 
power  for  a  gri^^tmill.     It  is  also  used  for  logging  purposes. 

MISCELLANEOUS   POWERS 

The  following  table  gives  the  location  and  extent  of  the  most  important  developed  and 
undeveloped  water  powers  on  the  Oconto  River: 

WcUer  powers  on  Oconto  River. 


No., 


DEVELOPED  POWERS. 


Stiles,  sec.  34,  T.  28  N.,  R.  20  E 

Oconto  Fall.s,  sec.  25,  T.  28  N. ,  R.  19  E . . . . 

Oconto  Falls,  sec.  26,  T.  28  N.,  R.  19  E 

Pulclfer,  sec.  6,  T.  27  N.,  R.  18  E 

Sec.  25,  T.  31  N.,  R.  16  E 

Sec.  4,  T.  31  N.,  R.  16  E 

Sec.  23,  T.  32  N.,  R.  16  E 

Sec.  30,  T.  33  N.,  R.  17  E 

Sec.  6,  T.  33  N.,  R.  16  E 

Sec.  1,  T.  33  N.,  R.  15  E 

Sec.  11,  T.  32  N.,  R.  16  E 

Sec.  34,  T.  33  N.,  R.  16  E 

Sec.  30,  T.  33  N.,  R.  16  E 

Sec.  27,  T.  33  N.,  R.  15  E 

Sec.  18,  T.  31  N.,  R.  17  E 

Sec.  33,  T.  32  N.,  R.  17  E 

Sec.  21,  T.  32N.,  R.  17  E 

Sec.  23,  T.  30  N.,  R.  16  E 

Sec.  16,  T.  30  N.,  R.  16  E 


Estimated 
bead  .a 


Feet. 


UNDEVELOPED  P0WEB8. 

Oconto,  sec.  23,  T.  28  N.,  R.  21  E 

Oconto  FaUs.  sec.  31,  T.  28  N.,  R.  20  £ . 

Sec.  34,  T.  28  N.,  R.  18  E 

Sec.  23,  T.  31  N.,  R.  16  E 


H.  P.  in- 
stalled. 


Use. 


500 

1,370 

940 

45 


Saw  and  pulp  mill. 
Paper  and  pulp  mill. 
PHlp  mill. 

Flouring  mill  and  diivii^. 
Driving  only. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


a  The  first  four  heads  are  reported  by  owners;  the  remainder  are  estimated  by  Mr.  W.  A.  Holt,  of  tlM 
Bolt  Lumber  Co..  Oconto. 
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WOLF  RIVER  SYSTEM. 
GENERAL.  CONDITIONS. 

Wolf  River  rises  in  a  number  of  lakes  about  25  miles  south  of  the  Michigan  boundary  and 
flows  in  a  general  southerly  direction,  entering  upper  Fox  River  at  a  point  about  10  miles 
west  of  Lake  Winnebago.  Though  nominally  a  branch  of  Fox  River,  it  is  in  reality  the 
master  stream,  having  over  three  times  the  discharge.  Wolf  River  receives  all  its  important 
tributaries  from  the  west  and  at  points  relatively  near  its  mouth.  It  has  been  elsewhere 
noted  (p.  64)  that  there  is  much  evidence  that  the  river  formerly  ran  west  and  joined  Missis- 
sippi River  through  the  present  Wisconsin  River  Valley  between  Portage  and  Prairie  du 
Chien. 

In  the  upper  half  of  its  course  Wolf  River  has  formed  its  bed  in  the  pre-Oambrian  crys- 
talline rocks,  and  in  this  distance  the  descent  of  the  river  is  very  rapid.  At  the  Chicago  and 
Northwestern  railway  crossing,  2  miles  west  of  Lenox,  the  river  has  an  elevation  of  1,562 
feet  above  the  sea.  In  the  80  miles  between  this  point  and  Shawano  the  river  descends  774 
feet,  or  9.7  feet  ^r  mile.  This  steep  gradient  causes  many  rapids  and  falls.  Lumber- 
ing dams  have  been  maintained  on  the  upper  river  at  the  following  points: a  Sec.  9,  T.  33  N' , 
R.  12 E.;  Laiydam,sec.  34,T.33N.,R.  13 E.;  sec.  10,T.31N.,R.  14  E.;  sec.  25,  T.  31  N., 
R.  14  E.,  and  at  several  other  places  lower  down.  In  the  40  miles  above  Shawano  small 
undeveloped  powers  of  10  to  15  feet  head  are  of  frequent  occurrence. 

Shawano,  the  head  of  navigation  on  the  river,  and  county  seat  of  Shawano  County,  has  a 
population  of  2,000.  A  dam  is  located  at  this  point,  with  a  head  of  12  feet.  It  is  used  to 
grind  wood  pulp.  Shawano  also  marks  the  point  of  transition  from  the  pre-Cambrian  to 
the  Cambrian  sandstone.  It  is  at  this  point  that  the  river  crosses  the  old  coast  line  of  Lake 
Michigan  and  enters  the  region  of  red  clay.  Below  Shawano  the  stream  is  sluggish,  its 
descent  being  only  about  42  feet  to  Lake  Winnebago,  a  distance  of  about  80  miles.  The 
banks  are  low,  and  in  high  water  the  surrounding  flats  are  all  covered,  the  river  sometimes 
expanding  at  time  of  heavy  freshets  to  several  miles  in  width.  For  obvious  reasons  there 
can  be  no  water  powers  in  this  lower  region. 

The  profile  of  Wolf  River  for  160  miles  of  its  course  is  shown  in  the  following  table: 

Profile  of  Wolf  River y  Wisconsin,  from  mouth  to  near  Lenox. 


Station. 

Distance 
from     ' 
mouth. 

WlnnAf^niinA.  , 

Miles. 

New  London 

33 
80 
160 

Phawftno 

Lenox 

Eleva- 
tion 
above 


Feet. 
746.4 
749.5 
788.0 

1,662.5 


Authority. 


United  States  Engineers. 

Chicago  and  Northwestern  Railway. 

Do. 

Do. 


a  Wiiooniin  Qeological  Survey  mapi. 
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The  following  tables  showing  gag«»-height  observations  and  diachai^  measurements  at 
Winneconnc  and  near  Northport,  on  Wolf  River,  are  from  data  published  by  the  United 
States  Geological  Survey: 

Discharge  mecLsxtremeiUs  of  Wolf  River  cd  Winneeonney  Wt«.,  in.  190S. 


Dat«. 


Hydrographer. 


Oa«e 
hei^t. 


Dischaiipe. 


January  5a L.  R.  Stockman. 

Januift*y  24  a ' do 

February  20 i do 

March  24 ' do 

April  15. do 

May  11 do 

June  20 ! do 


Feet.  ^Sectrnd-feet. 
904 
1,436 
1,285 
9,996 
3,906 
3,537 
3,191 


5.50 
5.30 
5.00 
6.60 
6.90 
6.70 
6.40 


a  River  froten. 

Mean  daily  gage  heighty  in  feet,  of  Wolf  River  at  Winneconne,  Wm.,  January  1  to  July  25, 

1903, 


Day. 


1. 
2 
3 
4 

5 

6. 

7. 

8. 

9 
10 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan.       Feb.       Mar.       Apr.      May.     June.      July. 


5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
-5.60 
5.60 
5.50 
5.50 
5.50 
5.50 
5.40 
5.40 
5.40 
5.40 
5.40 
5.40 
5.40 
5.40 
6.40 
6.30 
5.30 
5.30 
5.30 
5.30 


5.30 
5.30 
5.30 
5.20 
5.20 
5.20 
5.20 
5.20 
5.20 
5.10 
5.10 
5.10 
5.10 
5.10 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
4.90 
4.90 
4.90 
4.90 
4.90 
4.80 
4.80 
4.80 


4.80 

4.80 

4.80 

4.80 

4.80 

4.90 

4.90 

4.90 

4.90 

5.00 

5.00 

5.10 

5.25 

5.30 

5.60 

5.70 

5.80 

5.90 

6.00 

6.20  ; 

6.30  ' 

6.40 

6.50 

6.60 

6.70 

6.80 

6.90 

6.90 

6.90 

7.00 

7.10 


7.10 
7.20 
7.20 
7.10 
7.10 
7.10 
7.06 
6.90 
6.80 
6.95 
7.10 
7.00 
7.00 
6.90 
0.80 
6.85 
6.90 
6.80 
6.80 
6.75 
6.70 
6.80 
6.80 
6.80 
6.80 
6.80 
6.70 
6.70 
6.66 
6.60 


6.60 
6.65 
6.70 
6.65 
6.60 
6.65 
6.70 
6.70 
6.70 
6.70 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.85 
6.90 
6.90 
7.06 
6.90 
7.00 
7.00 
7.00 


7.00 
7.00 
7.00 
6.90 
6.80 
6.80 
6.85 
6.80 
6.80 
6.80 
6.70 
6.70 
6.60 
6.60 
6.60 
6.50 
6.50 
6.45 
6.45 
6.40 
6.40 
6.40 
6.30 
6.30 
6.20 
6.20 
6.10 
6.10 
6.10 
6.10 


6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.20 
6.20 
6.20 
6.30 
6.30 
0.30 
6.30 
0.30 
6.30 
6.30 
6.30 
6.40 
6.40 
6.40 
6.30 
6.30 
6.20 
6.20 
6.10 


I 
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Discharge  meojruremertts  of  Woif  River  near  Norfhportt  Wis.,  in  1905. 


Date. 


Hydrt^rapher. 


Aprils F.  W.  Hanna.. 

May  27 '  S.  K.  Clapp 

June  17 M.  S.  Brennan. 

July  15 ' do 

Augnaft  15 ' do 

Seplember22.J  F.  W.  Uanna.. 


Width. 


Feet.  ! 

182  I 

171  I 

151  I 
176 

176  I 
172 


Area  of 
section. 

Square 
feet. 

2,642 

2,196  I 

2,553  I 

2,300  ! 

2,053 

1,978 


Mean 
velocity. 

Feet  per 
second. 

2.64 

1.8 

l.»7 

1.69 

1.26 

1.41  I 


Gage 
height. 


Feet. 
7.03 
4.65 
6.42 
5.06 
a  01 
3.6 


Dia- 
chaige. 


Second' 
feet. 

6,965 

3,964 

5,032 

3,8§6 

2,504 

2,781 


Mean  daily  gage  heighty  in  feet,  of  Wolf  River  near  Narthportf  Wis.,  April  6  to  Decgmbtr 

30,  1906. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
II. 
12. 
13. 
14. 
15. 
16. 
17. 
18.. 
19., 
20., 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Apr. 


6.90 
6.80 
6.70 
6.60 
6.50 
6.40 
6.30 
6.10 
6.00 
5.80 
5.60 
5.50 
5.20 
5.20 
4.90 
4.80 
4.80 
4.30 
4.10 
4.00 
a80 
3.60 
3.50 
3.50 
3.40 


May. 

3.40 

a6o 
a8o 

4.00 
4.20 
4.40 
4.60 
4.80 
4.80 
5.00 
5.00 
5.20 
5.60 
5.80 
5.60 
5.50 
5.30 
5.30 
5.20 
5.00 
4.80 
4.60 
4.60 
4.80 
5.00 
5.00 
4.60 
4.30 
5.40 
5.60 
5.80 


June. 


July. 


6.00 
5.00 
5.00 
4.90 
4.60 
5.60 
5.40 
5.30 
5.80 
5.80 
5.80 

5.90 ; 

6.10  ' 

6.40  I 

6.40  I 

6.60  I 

6.50 

6.40 

6.40 

0.20 

6.00 

5.S0 

5.60 

5.30 

5.10 

4.70 

4.40 

4.0U 

3.80 

3.50 


3.30 

3.00 

3.40 

a60 

3.80 

3.30 

4.30 

4.60 

4.60 

4.90 

6.00 

5.20 

5.10 

6.10  ; 

4.90 

4.20  I 

4.60  i 

4.30 

4.80  , 

4.60  ; 

4.45 

4.20 

4.10 

4.00 

Z.20 

3.60 

2.80 

2.50 

2.30 

2.20 

2.00 


Aug. 

2.00 

2.30 

2.20 

2.10 

2.30  I 

2.20 

2.40 

2.90 

3.30 

4.00 

aso 

3.60 
3.60 
3.00 
3.00 
3.50 
3.50 
3.30 
3.20 

aoo 

2.80 
2.40 
2.50 
2.30 
2.00 
1.80 
1.60 
1.40 
1.20 
1.10 
1.00 


Sept. 

1.60 
2.40 
2.60 
2.20 
a  10 

a4o 
aoo 

3.30 
3.40 

aeo 
a80 
a50 

2.80 
2.50 
2.70 
2.90 
2.80 

aoo 
a40 


2.90 
2.80 

a  70 
a6o 
a4o 
a25 
a  10 

2.90 
2.75  I 
2.35 


Oct.       Nov. 


1.55 

1.40 

1.35 

1.30 

1.15 

1.10 

.90 

.85 

.70 

.65 

.60 

.50 

.35 

.10 

.25 

.40 

.75 

.90 

1.15 

1.50 

2.20 

2.60 

2.90 

a20 

a40 

a30 
a  20 
aoo 

2.10 
2.30 
2.00 


I 


.75 

1.50 

.90 

1.40 

1.15 

1.30 

1.50 

1.20 

2.20 

1.10 

2.60 

1.00 

2.90 

.90 

a20 

.80 

a40 

.60 

a30 

.40 

1.30 
1.40 
1.50 
1.60 
1.70 
1.95 
2.10 
2.30 
2.50 
2.70 
2.60 
2.40 
2.30 
2.20 
2.10 
1.80 
.50 
.40 
.30 
.20 
.10 
.00 
.90 
.80 
.60 
.40 
.20 
.60 
.80 
1.90 


Deo. 

1.70 

1.60 

1.40 

1.50 

1.60 

1.75 

1.80 

1.90 

2.10 

2.00 

1.90 

1.95 

1.80 

1.60 

1.40 

1.20 

1.20 

1.10 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

.76 

.60 

.60 

.50 

.40 

.40 
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TRIBUTARIES   OF   WOL.F   RIVER. 

The  lower  part  of  the  Wolf  River  drainage  area  is  more  thickly  settled  than  the  upper, 
and  as  a  result  the  tributaries  which  occupy  this  lower  portion  are  rather  fully  developed-  This 
is  especially  true  of  Embarrass,  Little  Wolf,  and  Waupaca  rivers. 

WATER  POW^ERS. 
The  following  table  shows  the  water  powers  on  Wolf  River  and  its  tributaries: 
Water  pouters  on  Wolf  River  and  its  tributaries. 


Location  and  stream. 


Manowa,  see.  15, T.  23  N.,  R.  13  E.,  Little  Wolf 

River. 
Littlewolf,  sec.  34,  T.  23  N.,  R.  13  E.,  Little 

Wolf  River. 

Scandinavia,  south  branch  Little  Wolf  River . . 

Sec. 22,  T.  23 N.,R.  11  E.,BOuth branch  of  Little 
Wolf  River. 

Phlox,  sw.  26,  T.  30  N.,  R.  12  E.,  Red  River 

Mount  Morris,  sec.  16,  T.  19  N.,  R.  11  E.,  Rattle- 
snake Creek. 

Wittenberg, sec.  10, T. 27  N.,R.ll  E.,  Embar- 
rass River. 

North  branch  of  Embarrass  River 

Sec.  7,  T.  26  N.,  R.  13  E.,  Embarrass  River  . .. 

Embarrass,  see.  5,T.  25  N.,  R.  15  E.,  Embarrass 
River. 

Sec.  23,  T.  26  N.,R.  13  E.,  middle  branch  of  Em- 
barrass River. 

Sec.  15,T.27  N.,  R.  15  E,  north  branch  of  Em- 
barrass River. 

Sec.  23,  T.  28  N.,  R.  12  E.,  north  branch  of  Em- 
barrass River. 


Owner  and  use. 

H€»d. 

H.  P. 

Feet. 

Little  Wolf  River  Lumber  Co.,  grist, 
lumber,  electric  light. 

10 

390 

Booth  A  Smith, grist,  lumber,electric 
Ught. 

9  ! 

60 

Henry  Peterson,  feed  mill 

8 

23 

J.  I.  Wralstatt,  feed  mill 

9 

50 

,  T.  26  N.,  R.  14  E.,  Embarrass 


Pilla,  sec. 
River. 

Sec. 9,  T.  27  N.,  R.  12  E., middle  branch  of  Em- 
barrass River. 

Waupaca,  sec.  32,  T.  22  N.,  R.  12  E.,  Crystal 
River. 

Waupaca,  sec. 20,  T.  22N.,R.12  E.,  Waupaca 
River. 

City  of  Waupaca,  Waupaca  River 

Do 


Sherman,  sec.  18,  T.22  N.,R.ll  E.,  Waupaca 
River. 

Weyauwega,  sec.  4,  T.  21 N.,  R.  13  E.,  Waupaca 
River. 

Waupaca,  Waupaca  River 

Amherst,  Spring  Creek 

Rural,  sec.  10,  T.21  N.,  R.  11  E.,  Arbor  Creek... 

Gresham,  sec.  3,  T.  27  N.,  R.  14  E.,  Red  River. . 

Sec.  6,  T.  27  N.,  R.  15  E,  Red  River 

Sec.  19,  T.  27  N.,  R.  14  E.,  Red  River 

Sec.  18,  T.  28N.,  R.  14  E.,  Red  River 

Sec.  15,  T.  26  N.,  R.  10  E.,  Little  Wolf  River  . 

Sec.  7,  T.  25  N.,  R.  11  E.,  Little  Wolf  River .. 

Sec.  5,  T.  24  N.,  R.  13  E.,  Little  Wolf  River .. 

Sec.  9,  T.  33  N.,  R.  12  E.,  Wolf  River 

Sec.  34,  T.  33  N.,  R.  13  E.,  Wolf  River 

Sec.  10,  T.  31  N.,  R.  14  E.,  Wolf  River 

Sec.  25,  T.  31  N.,  R.  14  E.,  Wolf  River 


J.  Kaufman,  saw  and  planing  mill  . 
Wm.  Kemp,  grist  mill. 


Viking  Lumber  Co.,  sawmill  . 


N.  M.  Edwards,  sawmill 

N.  M.  Edwards,  undeveloped- 

Decker  &  Beedle,  lumber  and  planing 
mill. 

Theo.  Boettner,  flouring  mill 


Selber  <k  Dumke,  sawmill  . 


L.  A.  Weikel,  saw,  planing,  and  feed 

mill. 
Grosskopt,  saw  and  planing  mill 


Buckstafl  Lumber  Co.,  jwwer  house 
burned. 

Waupaca  woolen  mills 

A.  G.  Nelson, planing  and  grist  mill. . . 


Electric  Light  Co 

Undeveloped 

Brooks  6i  Root,  flouring  mill. 


Weed  Gunnard,  flour,  planing,  and 
electrio  light. 

C.  Qurlnes,  brick  manufacture 

N.  Howard,  feed  mill 

J.  Ashmun,  flouring  and  saw  mill 

A.  G.  Schmidt,  sawmill 

Undeveloped 

do : 

....do 

Little  Wolf  River  Lumber  Co.,  logging 

do 


....do 

Used  for  logging. 
....do 


.do. 
.do. 


13 

20 

8 

9 
13 
16 
13 
10 

8 

6* 

18 
15 
7 

10 

8  ' 
10 


75 
44 

75 

50 


115 
200 

192 
116 
60 


35 

65 

aoD 


480 

50 

ao 

96 
100 
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WISCONSIN    RIVER   SYSTEM. 
TOPOGRAPHY    AND   DRAINAGE. 

Because  of  its  length,  its  great  drainage  area,  and  its  central  location  Wisconsin  River  is 
preeminently  the  main  river  of  the  State. 

Like  the  Flambeau,  the  headwaters  of  Wisconsin  River  are  found  in  an  intricate  network 
of  lakes  and  swamps  occupying  the  flat  plateau  region  near  the  northern  boundary.  Its 
extreme  source  is  found  in  Lake  Vieux  Desert,  a  body  of  water  about  10  square  miles  on  the 
line  separating  the  northern  peninsula  of  Michigan  from  Wisconsin,  at  about  1,650  feet 
above  sea  level.  The  general  course  of  the  river  for  the  first  300  miles  is  south.  At  a  point 
near  Portage  it  turns  abruptly  westward,  and  in  the  next  100  miles  flows  nearly  west,  joining 
Mississippi  River  at  Prairie  du  Chien,  only  40  miles  from  the  southern  boundary  of  the  State. 

The  drainage  basin  includes  12,280  square  miles,  with  an  average  width  of  50  miles  and  a 
length  of  about  225  miles.  The  apportionment  of  this  drainage  area  among  the  several 
tributaries  of  Wisconsin  River  is  shown  in  the  following  table : 

Distances  and  drainage  areas  of  Wisconsin  River. 


River.o 


Pelican,  above  mouth . 

Pelican,  mouth 

Tomahawlc 

Prairie 


Rib,  above  mouth 

Rib,  mouth 

Eau  Claire 

Eau  Pleine,  above  mouth . 

Eau  Pleine,  mouth 

Little  Eau  Pleine. 

Plover 


From 


MUes. 


136 

138 


Yellow,  above  mouth. . 

Yellow,  mouth 

Lemonwelr 

Baraboo 

Wisconsin 


158 
166 
184 


■| 


248 
259 
292 
407 


tnce. 

Between 
stations. 

Drainage 
area 
above 

station. 

MiUs. 

Sq.  miles. 

60 

940 

0 

1,202 

25 

2,111 

28 

2,697 

23 

3,192 

0 

3,690 

2 

4,114 

20 

4,268 

0 

4,645 

8 

5,005 

18 

5.300 

64 

6,448 

0 

7,394 

11 

8,172 

33 

9,095 

115 

12,280 

a  Station  is  at  mouth  of  river  unless  otherwise  stated. 

Because  of  its  long  traverse  from  the  extreme  northern  to  the  extreme  southwestern  part 
of  Wisconsin  the  topography  of  the  basin  includes  nearly  every  form  found  in  the  State. 
Like  the  upper  Chippewa  Valley,  the  northern  half  is  a  densely  wooded  region  of  hard  and 
soft  timber  except  where  cleared  for  farming.  The  woods  gradually  give  way  to  a  semi- 
prairio  region  with  a  gently  undulating  surface,  but  with  occasional  decided  ridges  both  of 
rock  and  glacial  origin.  A  very  striking  surface  feature  toward  the  southern  part  is  found 
in  the  "  Baraboo  quartzite"  ranges,  which  have  an  elevation  of  from  400  to  700  feet  above  the 
surrounding  country.  These  ranges  comprise  two  main  ridges  from  4  to  6  miles  apart, 
extending  nearly  east  and  west  in  the  section  of  country  west  of  Portage  for  about  25  miles, 
but  uniting  and  ending  abruptly  on  the  west  side  of  the  valley,  near  Portage.  The  angle  of 
the  river  at  this  point  seems  due  to  its  effort  to  secure  a  passage  around  this  rock  barrier. 

Through  a  portion  of  the  city  of  Portage  and  southward,  the  river  can  hardly  be  said  to 
have  an  eastern  divide.  Fox  River  approaches  within  1 J  miles  of  the  Wisconsin  at  this  point, 
only  a  low  marsh  intervening.  Even  this  marsh  has  a  slope  of  about  3  feet  toward  Fox 
River.  At  the  present  time  levees  at  this  and  other  points  prevent  the  Wisconsin  at  times 
of  high  water  from  overflowing  into  Fox  River.  These  levees  for  a  distance  of  several  miles 
compel  the  river  to  flow  along  the  contour  instead  of  in  the  direction  of  maximum  slope. 

Digitized  by  VjUUV  iC 


64 


WATER   P0WER8    OF   NORTHERW    WISCONSIN. 


The  reasons  for  this  and  other  peculiarities  of  its  valley  are  interestingly  discussed  in  Geology 
of  Wisconsin,  (vol.  3): 

It  ia  evident  that  such  an  uncertain  divide  as  this  can  not  have  formed  one  of  the  original  permanent 
features  of  the  drainage  of  the  region,  but  as  the  disposition  of  the  surface  soil  is  due  to  glacial  action, 
modified  by  subsequent  erosion  and  transportation,  this  may  be  fairly  attributed  to  such  a  cauae.  The 
rampart  of  limestone  which  compels  the  lower  Wisconsin  to  flow  west  does  not  stop  south  of  Portage, 
but  continues  east  and  north,  although  less  prominent,  forming  an  eastern  barrier  to  the  flow  of  the 
Wolf  River.  The  course  of  the  upper  Fox  to  Lake  Winnebago  is  sluggish,  oonsisiing  largely  of  marshes 
and  lake-like  expansions.  On  account  of  the  depression  of  the  divide  at  Portage,  thecontinuaiion  of  the 
southern  barrier  northeast,  the  small  slope  of  the  upper  Fox,  t^e  large  trough  of  the  Wisconsin  below 
Portage,  which  it  Is  unable  to  occupy,  while  above  the  river  is  more  nearly  in  proportion  to  its  channel 
of  drainage,  and  finally  the  evidently  modem  outlet  for  the  Wolf  and  the  upper  Fox  through  the  lower 
Fox— the  conclusion  is  reason^ible,  if  not  inevitable,  that  at  one  time  the  Lake  Winnebago  system 
drained  southwest  Into  the  Mississippi  and  the  Wolf  was  the  true  continuation  of  the  Wisconsin  above 
Portage,  while  the  present  upper  Wisconsin  was  merely  a  tributary  of  the  main  stream. 

Lu\KE    EI^EVATIONS   AND    RESERVOIR   SITES. 

Attention  has  elsewhere  been  called  (p.  15)  to  the  opportunity  of  increasing  the  low- 
water  flow  of  the  northern  rivere  by  the  construction  of  dams  near  the  headwaters  for  use  as 
reservoirs.  The  opportunity  for  such  a  system  on  Wisconsin  River  is  especially  good, 
because  the  ownership  of  the  lands  to  be  flooded  is  in  the  hands  of  a  comparatively  few 
corporations  and  a  beginning  has  already  been  made.  For  example,  a  well-built  dam  at  the 
foot  of  the  Tomahawk  chain  of  lakes,  which  impounds  water  covering  many  square  miles  of 
reservoir,  has  been  used  for  several  years  to  regulate  the  stage  of  the  river  for  the  mills 
below  the  mouth  of  the  Tomahawk.  In  scores  of  cases  the  dams  are  already  constructed 
for  logging  purposes  and  need  only  to  be  kept  in  repair  to  be  of  service  for  power  regulation 
when  they  are  no  longer  needed  for  their  original  purpose,  as  will  soon  be  the  case. 

It  has  been  proposed  to  build  or  maintain  dams  at  the  following  points:  Lake  Vieux 
Desert,  sec.  17,  T.  42  N.,  R.  11  E.;  Twin  Lakes,  sec.  19,  T.  41  N.,  R,  11  E.;  Eagle  Lakes, 
sec.  31,  T.  40  N.,  R.  10  E. ;  Sugarcamp  Lakes,  sec.  17,  T.  39  N.,  R.  9  E.;  Buckataban  Lakes, 
sec.  24,  T.  41  N.,  R.  9  E.;  Little  St.  Germain  Lake,  sec.  2,  T.  39  N.,  R.  8  E.;  Big  St.  Germain 
Lake,  sec.  18,  T.  39  N.,  R.  8  E. 

At  many  if  not  most  of  the  laiger  lakes  near  the  headwaters,  logging  companies  have  long 
maintained  dams,  which  some  day  will  serve  the  double  purpose  of  reservoirs  and  sources  of 
power.  A  list  of  some  of  these  lakes,  together  with  their  elevation  above  the  sea,  aa  deter- 
mined by  United  States  engineers  J  is  given  in  the  following  table: 

Lakes  at  headvoaters  tribtUary  to  Wisconsin  River. 


Name  of  lake. 


At  headwaters  of- 


'  Elevation 
above 


Eagle Eagle  River. 

Catfish , do . 


Cranberry do 

Long do 

Planting  Ground do 

Fish do 

Medicine ' do 

Stone ] do 

Dog [ do 

Big ! do 

Pelican j  Pelican  River 

Tomahawk ■  Tomahawk  River. 

Island ' do 


Keawaaogan.. 

Mud 

Squirrel 


.do. 
.do. 
.do. 


1,582.0 
l,58S.O 
1.583.5 
1,592.2 
1.502.2 
1,592.2 
1.502.2 
1,592.2 
1,502.2 
1,502.2 
1,500.0 
1.562.2 
1,560.4 
1,560.4 
1,553.4 
1,542.9 
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The  following  table  a  gives  dimensions  and  other  data  of  eight  reservoir  sites  surveyed  by 
UniU^d  Stat'^s  enginet^rs  as  an  aid  to  navigation  on  Mississippi  River: 

Proponed  United  States  Govemmerd  reservoirs  on  WiscoTisin  River. 


Location. 


o 


Pelican 6  i  36  N  .    9  E  ...  1,520.83 


Sugarcamp 

Otter  rapids. . . 

Tomahawk 

Squirrel 

Rice 

VIeux  Deaert . . 
Twin  Lakes . . . 


39N 

40  N 
39N 
38  N 
35N 
42  N 

41  N 


Feet. 


Maximum  dimensions. 


Reservoir. 


Dam. 


a 


be 


Dike. 

o 

^     ■    ! 


i  '     I 


9E.. 
9E.. 

6E  ..' 

I 

5E.. 
6E  .. 
HE. 
11  E 


1,562.00 
1,578.07 
1,554.67 
1,521.78 


Feet.    Feet. 
80O     28 


235 

1,300 

190 

315 

1,100 


12.5 

22 

12 

17 

14 


Feet.    Feet.  Sq.mi.      Cubic  feet. 
3,625         15     13.45     5,153,180,527 


260  ! 
700 


I 


5.00 
30.74 
13.46 
5.30 
6.00 
7.00 
6.50 


I 


87.45 


1,356,284,160 
7,389,727,488 
2,226,113,036 
1,338,163.200 
1,043,516,880 
400,000,000 
650,000,000 


8q.  mi, 
301.0 

60. 0 
447.0 
101.5 

56.0 
396.0 

19.0 

30.0 


19,556,985,291     1,410.5 


Subsequent  to  this  report  two  of  these  dams,  at  Rhinelander  (Pelican)  and  Tomahawk, 
have  been  constructed  by  private  enterprise  for  power  purposes;  several  others  have  been 
constructed  with  reduced  heads.  It  will  be  noted  that  the  proposed  Government  reser- 
voirs have  a  total  area  of  87.45  square  miles  and  a  drainage  area  of  1,410J  square  miles. 
It  Was  proposed  to  fill  the  reservoirs  during  the  spring  freshets  and  then  allow  the  water  to 
escape  at  times  of  low  water.  The  United  States  engineers  estimated  that  these  reservoirs 
would  maintain  a  flow  of  3,000  second-feet  for  three  months  of  the  year.  Such  a  flow  would, 
nearly  double  the  present  low-water  flow  of  the  river  and  its  resulting  water  power.  Inci- 
dentally the  use  of  such  rp8er^"oirs  would  to  a  large  extent  serve  to  reduce  the  dangers  of 
high  floods,  both  to  dams  and  to  overflowed  lands.  It  would,  in  fact,  tend  to  restore  the 
regimen  of  the  river  to  that  which  it  possessed  before  deforesting  and  cultivation  began 
to  transform  a  great  primeval  forest  region  into  cleared  and  well-cultivated  fields. 

PROFILE. 

According  to  the  United  States  engineers,  the  elevation  of  Lake  Vieux  Desert  is  about 
1,650  feet,  while  the  elevation  of  the  mouth  of  Wisconsin  River  at  Prairie  du  Chien  is  604 
feet  at  low  water  or  625  feet  at  high  water.  This  gives  a  total  descent  of  about  1,046  feet 
in  an  estimated  length  of  429  miles,  or  about  2J  feet  per  mile.  About  634  feet  of  this  fall 
occur  in  the  150  miles  between  Rhinelander  and  Nekoosa,  an  average  of  4.23  feet  per  mile. 
This  descent  is  concentrated  at  many  places,  producing  a  large  number  of  valuable  water 
powers,  many  of  which  have  been  improved  and  used  by  important  industries. 

The  fall  in  the  mam  tributaries  is  even  greater  in  many  cases  than  that  in  the  parent 
stream,  and  owing  to  this  fact,  and  also  to  the  absence  of  lakes  and  swamps,  it  is  likely 
that  their  discharge  is  subject  to  great  extremes. 


a  Rept.  Chief  Eng.  U.  8.  Army,  1880,  p.  1656. 


•IRR  156—06 5 
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A  statement  in  detail  of  the  profile  of  Wisconsin  River  is  given  in  the  following  table: 
Profile  of  Wisconsin  River  jrom  its  mouth  to  Lake  Vieuz  Desert.a 


No. 


1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
U 

12 
13 

14 
15 

16 
17 

18 
19 

20 
21 
22 
23 
24 

25 
26 
27 

28 
29 
30 
31 
32 
33 

34 
35 

36 
37 


Station. 


Mouth  of  river 

SttukClty 

Merrimac 

Portage 

KUboum,  railroad  bridge 

Sec.  36,  T.  15  N.,  R.  5  E.,  north  line 

Peterwell  bridge,  opposite  Neoedah 

Nekoosa  dam: 

Below 

Above 

Port  Edwards  dam: 

Below 

Above 

South  Centralia  dam: 

Below 

Above 

Grand  Rapids  dam: 

Below 

Above 

Biron  dam: 

Below 

Above 

Lower  paper  mill  south  of  Stevens  Point: 

Below 

Above 

Upper  paper  mill  south  of  Stevens  Point: 

Below 

Above 

Stevens  Point,  Wisconsin  Central  bridge 

Sec.  23,  T.  24  N.,  R.  7  E 

Knowlton  bridge,  Chicago,  Milwaukee  and  St. 
Paul  R  wy 

Sec.  8,  T.  26  N.,  R.  7  E 

Sec.  31,  T.  27N.,  R.  7  E.,  south  line 


Distance. 


Eleva- 
tion 

From      Between      **uvrf     Total 
mouth,      pointe.  j«»*ev«»-    ^otai. 


Descent  be- 
tween points. 


h 


Miles. 


Mosinee    rapids,  foot,  sec.  29,  T.  27  N.,  R.  7  E., 
south  line 


Mosinee  dam,  above 

Black  Creek,  mouth  of 

Cedar  Creek,  mouth  of 

Eau  Claire  River,  mouth  of. 

Rib  River,  mouth  of 

l/ower  Wausau  bridge 

'  Wausau  dam: 

Below 

A  Ik)  ve 

Brokaw  dam: 

Foot 

CrvHt 


90.0 
102.0 
118.0 
138.0 
147.0 
174.0 


MUes. 


212.6 


214.0 


216.5 


220.5 


233.0 


233.5 


236.0 
240.0 

257.0 
260.5 
264.5 

266.0 
266.5 
270.5 
274.0 
279.0 
280.5 
283.0 

283.5 


289.0 


90.0 
12.0 
16.0 
20.0 
9.0 
27.0 


206.0  34.0 


4.5 


2.5 


4.0 


12.5 


2.5 
4.0 

17.0 
3.5 
4.0 

2.0 
.5 
4.0 
3.5 
5.0 
1.5 
2.5 


Feet. 
004.0 
746.0 
764.0 
790.0 
814.0 
833.0 
875.3 

918.9 
936.6 

938.5 
955.5 

957.3 
960.3 

979.8 
1,002.0 

1,005.5 
1,016.3 

1,032.4 
1,044.0 

1,045.5 
1,058.8 
1,063.8 
1,076.8 

1,092.2 
1.097.4 
1,104.0 

1,105.8 
1,124.6 
1,125.9 
1,130.6 
1,138.6 
1,142.8 
1,151.0 

1,171.0 
1,177.7 

1,182.7 
1,194.7 


Feet. 


Per 
mile. 


142.0 
18.0 
26.0 
24.0 


19.0 

2.1 

42.3 

1.57 

43.6 

1.28 

17.7 

1.9 

.4 

17.0 

1.8 

1.2 

12.0 

10.5 

4.2 

22.2 

3.5 

.9 

10.8 

16.1 

1.3 

11.6 

1.5 

3.0 

13.3 

4.0 

1.6 

13.0 

3-2 

16.4 

.97 

5.2 

1.5 

6.6 

1.65 

1.8 

.9 

18.8 

37.6 

1.3 

.3 

8.0 

1.^ 
1.6 

4.2 

2.8 

8.2 

3.3 

20.0 

40.0 

6.7 

5.0 

.9 

12.0 

o  Authority:  Nos.  1  (low-water  elevation)  and  53-^7,  United  States  engineers;  2aDd3,MajorWarmi: 
4-35,  Wisconsin  water-power  survey  by  the  U.  S.  G.  S.  and  State  authorities;  36-^  levels  run  by  C.  B. 
Pride  in  1900  for  the  Wisconsin  River  Valley  Advancement  Association;  66,  Cucago  and  North- 
western Ry. 
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Profile  cf  Wisconsin  River  from  its  mouth  to  Lake  Vieux  Desert — Continued. 


No 


Station. 


Pine  River,  mouth 

MerriU: 

Lindore  dam,  foot 

Lindore  dam,  crest 

Upper  dam,  crest 

Bill  Cross  rapids,  foot 

Grandfather  rapids,  foot . . 

1.5  miles  above,  head. . 
Grandmother  rapids,  foot. 

Gilbert  Station 

Tomahawk  dam: 

Foot 

Crest 

Nigger  Island 

Whirlpool  rapids,  he^ 

Hat  rapids,  foot 

Rhinelander  dam: 

Foot 

Crest 

Otter  rapids,  head 

Sec.  30,  T.  41  N.,  R.  10 E... 
Sec.6,  T.  41  N.,  R.  lOE.... 
Lake  Vieux  Desert 


Distance. 


From 
mouth. 


Miles. 
298.0 


304.0 


305.0 
314.0 
318.0 
319.5 
321.2 
326.7 

328.7 


344.7 
346.7 
351.7 

357.7 


Between 
points. 


Miles. 
9.0 


1.0 
9.0 
4.0 
1.5 
1.7 
5.5 

2.0 


16.0 
2.0 
5.0 

6.0 


392.7 

35.0 

402.7 

10.0 

416.7 

14.0 

429.0 

12.3 

Eleva- 
tion 
above 
wa  level. 


Feet. 
1,212.7 

1,214.7 
1,227.7 
1,233.7 
1,245.7 
1,272.2 
1,361.7 
1,370.7 
1,409.7 

1,412.7 
1,425.7 
1,449.4 
1,464.8 
1,477.4 

1,523.2 
1,553.2 
1,570.7 
1,592.7 
1,644.0 
1,660.0 


Descent  be- 
tween points. 


Total. 

Feet. 
18.0 

2.0 
13.0 

6.0 
12.0 
26.5 
89.5 

9.0 
30.0 

3.0 
13.0 
23.7 
15.4 
12.6 

45.8 
30.0 
17.5 
22.0 
51.3 
±  6.0 


Per 
mile. 


Feet. 
2.0 


6.0 
1.3 
6.6 
6.0 
5.3 
7.1 

1.5 


1.48 

7.7 

2.5 

7.6 


.5 
2.2 
3.66 

.5 


GEOLOGY. 

A]l  that  part  of  the  Wisconsin  River  basin  above  Nekoosa,  including  over  half  the  entire 
drainage,  is  underlain  by  pre-Cambrian  rocks.  North  of  Merrill  this  region  has  been 
covered  so  deeply  by  drift  that  the  rock  rarely  outcrops  except  in  the  river  bed.  These 
rocks,  by  presenting  a  barrier  to  further  erosion,  cause  numerous  rapids;  in  fact,  all  the 
water  powers,  with  but  a  single  exception,**  are  found  in  the  pre-Cambrian  area.  Below 
Nekoosa  the  pre-Cambrian  rocks  give  way  to  the  softer  Cambrian  sandstone,  the  disintegra- 
tion of  which  has  made  the  bed  of  the  river  one  succession  of  shifting  sandbars,  almost  with- 
out interruption,  to  it^  mouth.  North  of  Nekoosa  this  sandy  belt  rapidly  narrows  and, 
at  Merrill,  90  miles  above,  almost  entirely  disappears,  being  replaced  by  the  clayey  loams 
and  loamy  clays.  North  of  Tomahawk  the  clays  are  replaced  again  by  sandy  soils  contain- 
ing gravel  and  by  bowlders  and  glacial  drift.**  In  the  60  miles  below  the  city  of  Tomahawk 
the  tributaries  of  Wisconsin  River  flow  mainly  through  a  clayey-loam  soil,  except  for  a 
narrow  strip  adjacent  to  the  main  stream,  where,  as  before  stated,  the  sandy  soil  pre- 
dominates. 

RAINFAL.T.  AND  RITN-OFF. 

The  United  States  Geological  Survey  has  maintained  regular  gaging  stations  at  Necedah 
and  Merrill  since  November,  1902.  As  the  rainfall  during  1904  was  very  close  to  the  average 
rainfall  for  the  past  thirty  years,  the  run-off  data  for  this  year  are  especially  valuable. 


oKIlboum,  In  the  Cambrian  sandstone. 

b  Weidman,  Samuel,  Wis.  Geol.  Nat.  Uist.  Survey,  Bull.  11,  pi.  1. 
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Rainfall  records  for  this  drainage  area  are  given  elsewhere  in  this  report.     The  following 
tables  give  the  nin-oflF  data: 

Discharge  meamrements  of  Wiscon^n  Rii^r  near  Necedahj  Wis.^  in  1902, 190S,  190J^,  and  1905. 


Date. 


1902. 
Decern »jer  2.. 
Decern  l)er  23. 


Hydrographer. 


Width. 


Feet. 


Area  of 
section. 


Square 
feet. 


Mean 
velocity. 


Feet  per 
second. 


L.  K.  Stockman. 
....do 


1903. 

January  13  o do. 

February  5  a do 

March  5  o do 

March  26 j  Johnson  and  Stockman . 

April2 I  L.  R.  Stockman 

April  '2H do ^ 

Juno  12 1 do 

July  7 do 

August  19 do . . .  ^ 

September  4 do 

October  12 do 


280 
284 
284 


1904.  , 

January  12  o E.  Johnson,  jr 

May  11 do 

May  23 Johnson  and  Hanna. 

July  Hi K.  Johnson,  jr 

September  21 do 

October  14 F.  W.  Hanna 

1905.  I 

April  4 S.  K.Clapp 

May  'Z.'i do 

June  12 M.  L.  Brennon 

August  9 do 


220 
309, 
281 
316  I 
302 
276  ' 
314  , 

I 

286  '' 

317 

314 

294 

294 

449 


317  ( 
437  I 
314 


2,617 
2,360 
2,411 
5,405 
4,206 
3,860 
3,282 
4.708 
2,832 
2,463 
3,871 

2,031 
4,685 
3,717 
3,525 
1,823 
6,216 

5,777 
4,437 
6,017 
3,846 


I   Gaee       Di«- 
heignt. '  chifcrge. 

I 

Seromd- 
Feet.       feet. 

4.90         3,875 

5.40         3,334 


1.18 
1.26 
1.09 
3.94 
2.42 
1.84 
1.79 
4.43 
.2.46 
2.05 
3.23 


5.65 
5.80 
5.80 

11.05 
7.55 
6.50 
6.00 

10.50 
6.20 
5.30 
^.43 


1.33 

4.60 

3.65 

9.60 

2.67 

7.05 

1.66 

5.80 

2.08 

4.92 

5.71 

13.35 

1 


5.07 
3.23  I 
4.99  I 
2.4    I 


12.33 

7.  as 

12.9 
6.85 


2.840 
2,5»« 
2,422 

21,280 

10.190 
7,123 
5,888 

20.SfiO 
6,962 
5.0*7 

12,500 

I      3,000 
17.110 

9,an 

5.845 
3.800 

j 

29,290 
13.a50 
30,050 
9.36B 


NoTK.— Width  is  the  actual  width  of  water  surface,  not  including  piers.    Area  of  section  is  Hm 
total  area  of  the  measured  section,  including  both  moving  and  still  water, 

a  Frozen.  b  Add  to  this  discharge  3,000  second-feet  < 


Mean  daily  gage  height,  in  feet,  of  Wisconsin  Rimr  near  Necedahj  Wis. 

December  31,  1905. 


overflow. 

,  December  2, 1902,  to 


Day. 


1902. ■ 
Dec. 


1903. 


Jan.    Feb.  I  Mar.  [  Apr.    May.  j  June. 


1 

2 

4.90 

3 

.  ...  4.95 

4 

5. 10 

5 

4.85 

6 

4.75 

4. 70 

8 

4. 30 

9 

4.85 

10 

5.2.') 

11 

5  20 

12 

5.40 

13 

5.25 

14 

5.30 

5.90 
5.90 
5.80 
5.75 
5.60 
5.70 
5.65 
5.45 
5.60 

s.r* 

5.45 
5.50 
5.65 
5.75 


5.75 
5.70  ' 
5.90  I 
5.80  I 
5.75 
5.90 
5.80 
,5.70  ' 
.5.  00  I 
5.80 
5.75 
5.65  I 
5.90  I 
5.80  ' 


5.75 
5.60 
5.85 
5.80 
5.75 
5.80 
5.90 
5.50 
5.50 
6.25 
a40 
7.05 
7.65 
6.75 


5.85 

7.35 

5.80 

7.50 

5.75 

7.40 

5.80 

7.25 

5.90 

7.15 

'  5.50 

7.20 

1  5.50 

7.10 

7.70 
55 
35 
50 
40 
25 
15 
20 
10 
7.25 
7.05 
a90 
6.80 
a  75 


I 


6.65  I 
8.30 
9.35  I 
9.75 
9.95  I 
10. 15 
10.05 
9.70  I 
9.30  , 

8.80  ; 

a25 
8.15 
&45  I 
9.05 


10.65 
9.85 
8.85 
a  15 
7.60 
7.40 
7.15 
a  85 
a  65 
a55 

a2o 
aoo 
a  15 

5.85 


July. 

4.70 
4.60 
7.70 
&90 
10.10 
10.00 
10.60 
10.60 
9.70 
8.40 
7.80 
7,50 
7.10 
a70 


Aug.  I  Sept.  I  Oct.    Nov.    Dec. 


4.80 
4.05 
4.75 
4.80 
4.85 
5.65 
a65 
7.75 
8.00 
7.70 
7.50 
7.20 
a90 
a  70 


6.20     7.10 

5.50    aeo 


5.40 

&80 

5.30 

a80 

[  5.30 

7.05 

1  5.40 

8.30 

'  5.60 

9.05 

a  10  i  &  95 
a  10  9.  L5 
aSO  !  9.80 
7.30  a  88 
7.30  9.35 
7.20  I  &90 
8.60  I  &30 


5.70 
5.55 
5.70 
5.75 
5.55 
5.45 
a30 

aso 

5.35 

a30 

5.25 

5.30 

5.30    ailO 

5.30      140 


5l60 
&30 
&90 
7.10 

aso 
aso 
a  60 
aTO 
aso 
a« 
a  30 
aoo 


a  River  frozen  December  13  to  31. 
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Mean  daily  gage  Tieight,  in  feet,  of  Wisconsin  River  near  Necedaky  Wis.,  December  2, 1902, 
to  December  31,  1905 — Continued. 


Day. 


15. 
16. 
17. 

IS. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26., 
27. 
28., 
29. 
30. 
31. 


Day. 
i:C4. 

o  . 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24... 

25..! 

26 

27 

28 

29 

30 

31 


Dec. 

5.35 
5.65 
5.65 
5.30 
5.50 
5.45 
5.30 
5.30 
5.40 
5.60 
6.40 
&30 
6.60 
a  15 
6.05 
6.20 

aoo 


Jan.    Feb. !  Mar. 


5.45 

5.75 

5.80 

5.65 

5.65 

5.65 

5.55 

5.55 

5.45 

5.75 

5.75 

5.70 

5.65 

5.70 

5.55 

5.65 

5.85 

5.55 

5.80 

5.70 

5.80 

5.65 

5.65 

5.65 

5.85 

5.70 

5.80 

5.85 

5.70 

5.80 

5.80 

7.30 
7.75 
8.35 
&70 
8.85 
10.00 
11.40 
12.70 
13.55 
12.85 
11.80 
10.90 
10.05 
9.35 
8.95 

aso 

&00 


Apr. 


&80 
&95 
7.10 
7.25 
7.10 
6.90 
6.50 
6.55 
6.30 
6.20 
6.05 
6.10 
&35 
a50 
6.85 
&60 


May.     June.    July.    Aug.    Sept.     Oct.   Nov.    Dec. 


6.55     6.70     10. 

6. 25     6. 40  ]  12. 

6.00  I  & 

a  10 

5.90 

6.00 

5.90 


20     13. 
40     14. 


7.90 
7.65 
7.55 
7.25 


I 


14.60     a  95 
14. 


,90     13. 
5. 60  I  5.  40     12. 


5.40 

5.10 

11.40 

5. 20     5. 10 

10.60 

5. 30     5.  40 

9.90 

5.30     5.20 

a  70 

5.00 

5.30 

8.15 

5.10 

5.30 

7.95 

5.00     5.20 

7.65 

4.90^ 

5.00 

7.55 

.80 

5.00 



7.00 

a  95 
a  55 
a4o 
a4o 
a  30 
a  10 
a  05 

5.95 

aoo 

5.80 
5.70 


5.35 

I  5.25 

■  5.35 

4.90 

j  4.90 

I  5.00 

5.10 

5.05 

4.95 

5.20 

5.20 

5.05 

5.00 

5.15 

5.00 

5.40 


Jan.      Feb.     Mar.     Apr.     May 


aaoo 

5.70 
5.90 
5.60 

aoo 
aoo 

5.90 

a  10 
a  10 
aoo 

5.90 
5.10 
5.10 
5.20 
5.20 
5.30 
5.20 
5.10 
5.30 
5.00 
5.20 
5.20 
5.20 
5.10 
5.00 
5.10 
5.00 
5.10 
5.20 
5.20 
5.10 


5.10 
5.20 
5.10 
5.00 
5.20 
5.20 
5.20 
5.00 
5.20 
4.90 
5.10 
5.20 
5.10 
5.20 
5.10 
5.20 
5.20 
5.10 
5.10 
5.00 
5.10 
5.10 
6.10 
5.10 
5.20 
5.30 
5.40 
5.20 
5.10 


5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.80 
5.40 
5.40 
5.30 
5.  .30 
5.30 
5.30 
5.20 
5.30 
5.20 
5.20 
5.20 
5.10 
5.00 
4.90 
5.00 
5.00 
4.80 
5.00 
5.00 
5.20 
5.20 
5.20 
5.50 
5.80 


ftaeo 
a3o 
aso 
a  90 
a6o 
aso 

7.00 
7.20 
7.50 
7.90 
&80 
9.80 
9.80 
9.40 
8.70 
&30 
7.70 
7.30 
7.50 
7.50 
7.70 
7.70 
7.50 
7.60 

aoo 

9.30 
10.30 
10.90 
10.70 
10.50 


9.80 
9.20 
a90 

a  40 
aoo 

7.80 
7.40 


June.    July.     Aug. 


7.40 
7.90 
9.50 
10.50 
10.50 
9.90 
9.40 
9.20 
9.00 

aso 
aoo 

7.70 
7.40 
7.20 
7.10 
7.00 
7.50 
a  10 
9.40 
10.60 
11.90 
12.60 
12.30 


a  70  ! 

9.40 

7.20 

a30 

9.20 

aso 

7.70 

9.00 

a90  1 

■  7.30 

aso 

a  70 

7.50 

aoo 

aso  1 

7.50 

7.70 

a2o 

7.70 

7.40 

5.90 

11.20 
10.00 
9.10 

aeo 
a40 

9.00 
9.90 
10.50 
10.  ,50 
9.80 
9.00 

a3o 

7.80 
7.50 
7.20 

aso 
a  90 
a  70 
aso 
a2o 

5.90 
5.80 

a2o 

5.70 

aoo 

5.70 

a  10 

5.80 

a  10 
aoo 


a3o 
aso 
aso 
a3o 
a  20 
a30  ' 
aoo  : 

5.90  I 

a  10  ' 
a  30  , 
a4o 
aso 

7.10 
7.00 

aso 

5.90 

5.80 

5.60 

5.80 

6.60 

5.60 

5.30 

5.00 

4.80  I 

4.50  I 

4.80  I 

4.90 

4.80  I 

4.70 

4.80  ' 

4.70 


4.50 
4.70 
4.90 
4.80 
4.70 
4.70 
4.30 
4.40 
4.80 
4.90 
5.30 
5.30 
5.40 
5.30 
5.30 
5.70 
5.00 
5.10 
5.00 
5.00 
5.00 
4.70 
5.10 
4.80 
4.90 
4-90 
5.00 
5.90 
4.60 
5.00 
4.70 


Sept. 

Oct. 

Nov. 

4.80 

a60 

! 
7.10 

4.80 

a45 

a90 

4.80 

a2o 

aeo 

4.80 

a  10 

a  70 

4.50 
4.40 
4.00 
4.40 
4.30 
5.00 
4.80 
4.90 
4.90 
4.80 
4.70 
4.70 
4.90 
4.80 
4.90 
4.90 
4.90 

Dec. 


4.80 
4.80 
4.80 


4.30 

5.80 

a30 

5.90 

5.70 

5.70 

5.30 

5.70 

5.30 

5.50 

5.60 

4.90 

5.20 

6.30  I 

5.90 

5.70  I 

4.80  \ 

4.90 

4.80  I 

4.70  I 

4.85 

4.80 

a  70 

7.40  j 

7.40  I 

7.00 


7.00 

aoo 

5.90 

a30 
a42 
a  70 
a40 

10.10 
12.00 

ia2o 

13.00 
11.90 
10.30 
9.40 
9.00 

a4o 

7.90 

aoo 
a5o 
aso 
a  30 
a3o 

7.90 
7.60 
7.50 
7.40 
7.00 


aso 


a40 
a  10 
a  10 
aeo 
a  10 

5.90 

5.20 

5.50 

5.50 

5.60 

5.80 

5.50  j 

5.30 

4.80  ' 

5.00 

6.00  ' 

5.30 

5.40 

5.30 

4.90 

5.50 

5.10 

4.80 

6.00 

5.00 


(0 


5.10 


aoo 


a  River  frozen  January  1  to  March  31.    Ice,  average  thickness,  10  inches. 

f>  Ice  conditions  April  L  to  12. 

« River  frozen  December  4  to  31.    Ice  1  foot  to  2  feet  thick. 
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Mean  daily  gage  height,  in  feet,  of  Wisconsin  River  near  Necedah,  Wis.,  December  £,  1902,  io 
December  SI,  1905— Continued. 


Day. 


1005. 


Jan.      Feb.  '  Mar.     Apr. 


I. 

2. 

3. 

4. 

5. 

6., 

7.. 

8.. 

9.. 
10., 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


(«) 


(a)  (a) 


6.00       5.70 


a  10 


6.00 


6.00 


6.00 


6.00 


6.15 


5.00 


13.30 
13.30 
12.80 
12.40 
11.90 
11.60 
11.80 
11.90 
11.40 
10.60 
9.90 
9.30 
9.00 
8.60 
&40 
8.00 
7.80 
7.50 
7.10 
6.70 
6.60 


May.    June. 


5.00!    a  60 
5.00'    a  50 


5.30  , 
5.60  I 

aso  ^ 

7.10  ' 
8.30 
9.30 
10.70 


a40 

a30 
a  00 
a  15 
aoo 

5.95 
5.90 


5.95 

a5o 

a  10 

a4o 

a  10 

a4o 

aoo 

a3o 

aoo 

7.70 

a  50 

&30 

a60 

11.00 

a  70 

12.50 

a  90 

15.00 

7.00 

17.00 

7.00 

laoo 

7.50 

13.00 

8.30 

11.90 

8.50 

11.50 

8.30 

11.20 

&60 

ia40 

9.30 

9.70 

9.80 

9.50 

9.80 

9.60 

9.70 

11.20 

9.30 

12.40 

&80 

12.30 

8.30 

11.00  \ 

aoo 

9.80 

7.70 

8.80 

7.20 

8.30 

7.10 

8.00 

7.00 

7.80 

a  70 

7.40 

aso 

7.00 

aoo 

July. 


7.30 
7.30 
7.50 
7.50 
7.50 
8.10 
8.60 
9.10 
a  70 
8.30 
7.60 
7.40 
7.00 

aeo 
a70 
a50 

a  30  I 


aso 
a  30 


I 


I 


a  30  I 
a30  I 
a  10 
a9o 
a  70 
a  75 
aoo 
a50 
a  10 
a30 
a  10 
a30 


Aug.  !  8«pt.     Oct.      Nov.  i  Dec 


aso 

a90 

aoo 

aso 

baio 

a3o 

aoo 

a  70 

aso 

a  10 

a2o 

,  a2o 

aoo 

aao 

a  10 

a2o 

aoo 

aso 

a4o 

aao 

aeo 

a  10 

a4o 

aso 

aeo 

a30 

a  10 

a40 

a40 

aso 

a40 

ass 

a40 

a40 

aso 

aeo 

a2o 

a40 

a40 

ao5 

a9o 

aTO 

a20 

a5o 

a3D 

7.10 

aeo 

a30 

aso 

aeo 

a  70 

aso 

aoo 

aeo 

a» 

aso 

a30 

4.90 

aso 

a40 

a7o 

a40 

4.70 

aso 

7.70 

a40 

aso 

4.70 

aso 

7.70 

a20 

aso 

a  10 

aso 

7.00 

&90 

a30 

a  10 

a3D 

7.eo 

aoo 

a40 

a30 

a  10 

7.80 

a90 

aso 

a30 

a2o 

7.30 

&80 

a90 

aeo 

a3o 

7.30 

aeo 

7.40 

aeo 

a3o 

7.» 

aso 

8.20 

aso 

a2o 

7.» 

a  70 

&40 

aao 

4.90 

7.10 

a70 

a4o 

aTO 

4.90 

7.10 

aso 

7.80 

7.00 

4.90 

a» 

aTO 

7.20 

aso 

4.80 

a  30 

a90 

aso 

a7o 

a  10 

aao 

a3D 

aso 

aeo 

a  10 

7.10 

aoo 

aoo 

a  40 

aso 

aio 

aso 

a9o 

a  20 

aao 

a40 

a  70 

aoo 

6  20 

a40 

aao 

5,70 

aoo 

a  10 

a.  River  frozen  over  January  1  to  March  20. 
Thlcknps.s  of  Ice.  2  to  2.5  feet, 
fr  No  Ice  r>3Cord  for  December. 


Qage  heights  are  to  water  surface  in  a  hole  In  the  ice. 
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Rating  taUefor  Wisconsin  River  near  Necedah,  W is.  ^  from  March  10  to  Jyly  5, 1903. a 


Gage 
!  height. 


Feet. 
4.6 
4.7 
4.8 
4.9 
5.0 
5.1 
5.2 
5.3 
5.4 
5.5 
5.6 
6.7 
5.8 


Discharge. 


Second-feet. 

3,400 

3,540 

3.600 

3.840 

4,qoo 

4,160 
4,320 
4,400 
4,670 
4,860 
5,060 
5.260 
5,470 


Gage 
height. 


Feet. 
5.9 
6.0 
6.1 
6.2 
6.3 
6.4 
6.5 
&6 
6.7 
6.8 
6.9 
7.0 
7.1 


Discharge.'    ^^^^, 


Second-feet, 
5,680 
5,900 
6,130 
6,370 
6,620 
6,880 
7,150 
7,430 
7,710 
8,000 
8,290 
8,580 
8,870 


Feel. 
7.2 
7.3 
7.4 
7.5 
7.6 
7.7 
7.8 
7.9 
8.0 

a2 

8.4 
8.6 


Discharge. 

Gago     1 
height.  ; 

Second-feet. 

Feet. 

9,160    i 

8.8 

9,460 

9.0 

9,760    ! 

9.2 

10,060 

9.4 

10,360 

9.6 

10,670    , 

9.8 

10,980    ; 

10.0 

11.290 

las 

11,600 

11.0 

12,240    1 

11.5 

12,880 

12.0 

13,520 

13.0 

Second-feet. 
14,160 
14,800 
15,440 
16,080 
16,720 
17.360 
18,000 
19,600 
21,200 
22,920 
24,670 
28,360 


a  Flood  in  July  changed  channel. 
Rating  tahUfor  Wisconsin  River  near  Necedah ^  Wis.  y  from  July  6  to  December  12 ^  1903. 


Gage 
height. 

Feet. 

4.8 

4.9 

5.0 

&1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

6.0 

Discharge. 

Second-feet. 
4,200 
4,350 
4,510 
4,680 
4,860  ' 
5,040 
5.230 
5.430 
5.630 
5.840 
6,050 
6,270 
6,500 


Gage 
height. 


Discharge.      ^^Xt.     discharge. 


Feet. 
6.1 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 
6.8 
6.9 
7.0 
7.1 
7.2 
7.3 


Second-feet. 
6,730 
6,970 
7.220 
7,480 
7,750 
8,030 
8.320 
8.620 
8.920 
9,220 
9.520 
9,820 
10.130 


Feet. 
7.4 
7.5 
7.6 
7.7 
7.8 
7.9 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 


Second-feet. 
10,440 
10,760 
11,080 
11.410 
11.740 
12.070 
12,400 
13.060 
13.760 
14,440 
15.120 
15.800 


Gage 
height. 

Discharge. 

Feet 

Second-feet. 

9.2 

16.480 

9.4 

17.160 

9.6 

17,840 

9.8 

18,520 

10.0 

19.200 

10.5 

20.900 

11.0 

22.600 

11  5 

24.300 

12.0 

26,000 

12.5 

27,700 

lao 

29.400 

14  0 

32,800 

Rating  table  for  Wisconsin  River  near  Necedah,  Wis.,  from  January  1  to  December  31, 190^, 

Discharge. 


Gage 
height. 

Discharge. 

Gaee 
height. 

Discharge. 

Gage 
height. 

Discharge. 

het^t 

Feet, 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

4.0 

1.800 

5.4 

4,880 

6.7 

8,600 

9.0 

4.1 

2.000 

6.5 

5.130 

a8 

8,800 

9.2 

4.2 

2,200 

5.6 

6,380    , 

6.0 

9,100 

9.4 

4.3 

2.400 

5.7 

6.640    1 

7.0 

9,400 

,         9.6 

4.4 

2,600 

5.8 

5,900 

7.2 

10,000 

1         9.8 

4.5 

2,810 

5.9 

6,170 

7.4 

10,600 

1        10.0 

4.6 

3.020 

6.0 

6.440 

7.6 

11.200 

10.5 

4.7 

3.240 

ai 

6,720 

7.8 

11,800 

11.0 

4.8 

3.460 

&2 

7,010 

8.0 

12.400 

11.5 

4.9 

3.600 

6.3 

7,300 

8.2 

13,000 

12.0 

5.0 

3,980 

;         6.4 

7,600    ' 

8.4 

13,600 

12.5 

&1 

4.150 

6.6 

7,900    1 

8.6 

14.200 

1        13.0 

.5.2 

4.300 

6.6 

8.200 

8.8 

14.800 

13.5 

5.3 

4,680 

1 

1 

Second-feet 
15.400 
16.000 
16,600 
17.200 
17.800 
18.400 
19.900 
21.400 
23.610 
25.860 
28.230 
30.750 
38.450 
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WATER   POWERS    OF    NORTHERN    WISCONSIN. 


Rating  table  for  Wisconsin  Riivr  near  Necedah^  Wis.,  from  January  I  to  December  SI,  1905. 


Gage 
height. 

Feet. 

Discharge. ' 
Second-feet. 

till 

1 
Discharge. 

Gage 
height. 

Feet. 

1  Discharge. ' 
Second-feet. 

Gage 
height. 

Feet. 

Discharge. 

Second-feet. 

Second-feet. 

4.00 

1,800 

5.50 

5,130 

7.00 

9,400    : 

9.80 

17.800 

4.10 

2,000 

5.  CO 

5.380 

7.20 

10,000 

10.00 

18,400    1 

4.20 

2,200 

5.70 

5,640 

7.40 

10.600    , 

10.50 

19,900    ; 

4.ao 

2,400    ' 

5.80 

5,900 

7.60 

11.200 

11.00 

21.400 

4.40 

2.600 

5.90 

6,170 

7.80 

1        11,800 

11.50 

23,610     ' 

4.50 

2,810 

6.00 

6,440 

8.00 

12,400 

12.00 

25,860 

4.60 

3,020 

6.10 

6,720 

8.20 

13,000 

12.50 

28.230 

4.70 

3,240 

6.20 

7,010 

8.40 

13,600 

13.00 

30,750 

4.80 

3,460 

6.30 

7,300 

8.60 

14,200 

13.50 

38.450 

4.90 

3,690 

6.40 

7,600 

8.80 

14,800 

14.00 

46,300 

5.00 

3,920 

6.50 

7,900 

9.00 

,        15,400 

15.00 

61,800 

5.10 

4,150 

6.60 

8.200 

9.20 

16,000 

16.00 

77.500 

5.20 

4,390 

6.70 

8,500 

9.40 

16,600 

17.00 

93,300 

5.30 

4,630 

6.80 

8,800 

9.60 

17,200 

18.00 

109,200 

5.40 

4,880    j 

6.90 

9,100 

!              1 

The  last  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  23  discharge  mea«ure- 
raents  made  during  1902-1905.  It  is  well  defined  l)etween  gage  heights  4.5  feet  and  10.5  feet.  The  table 
has  U*n  extended  beyond  these  limits.  From  gage  height  6.3  feet  to  11  feet  the  rating  curve  is  a  tangent. 
the  difference  lx*ing  300  per  tenth.  Above  11  leot  the  bank  overflows,  which  causejs  the  discharge  to 
Increase  at  a  greater  rate  per  foot. 

Estimated  monthly  discharge  of  Wisconsin  River  near  ^ecedah^  Wis.,  1903  to  1905. 

[Drainage  area,  5,800  square  miles.] 

Discharge. 


Date. 


1903. 


January. 


I 


Run-off. 


I 


Maxi- 
mum. 


Mini- 
mum. 


Sec-feet.    Sec-feet. 


March  c 30,450 

April 10,670 

May 21,200 

June 19, 760 

July '  21,240 


Mean. 


*   Per 
square 
mile. 


Depth. 


HainfalU« 


Sec-feet.    Sec-f€tt.     Inche*.      Inches. 


I>  2,600  0.45 


February I b2,550 

11,859 
S,322 
14,492 
6,897 
9,022 
6,648 
15,832 
10,586 
5,007 
<7,798 


August 

September 

October 

November 

December  1-12*'. 


1904. 


January . . 
February .. 


March.. 
April... 
May.... 

June 

July.... 
August. 


12,400  I 
34,840  , 
18,520  I 
5,945  I 
9,520  , 


6,015 
7,570 
3,540 
3,400 
4,U5 
4,860 
5,840 
4,350 
*5,630 


.44 

2.04 
1.43 
2.50 
1.19 
1.56 
1.15 
2.73 
1.83 
.86 
'1.34 


0.52 
.46 
2.35 
1.60 
2.88  . 
1.33 
1.80 
1.33 
3.05 
2.11 
.96 


0.36 
.91 
2.23 
4.06 
6.23 
1.26 
6-U 
6.» 
5.86 
2.11 
1.09 


1.30 
1.49 


21,100 

7,300 

12,830 

2.21     1 

2.47 

2.01 

28,720 

9,400 

15,250 

2.63 

3.03 

6.30 

22,280 

5,640 

11,350 

1.96 

2.19 

4.81 

9,700 

2,810 

5,926 

1.02 

1.18 

3.28 

6,170 

2,400 

3,845 

.663  ; 

.764 

3.21 

a  Rainfall  for  1903  is  the  average  of  the  recorded  precipitation  at  the  following  stations:  Antigo, 
Koepenick,  Stevens  Point,  Wausau,  Amherst ,  Grand  Rapids,  and  Medford.  That  lor  1904  includes  the 
same  stations,  except  Medford  and  adding  Minocqua  and  Prentice. 

6  Estimated. 

c  March  1  to  9,  inclusive,  estimated. 

d  River  frozen  Deceml^er  13  to  31. 

« Twelve-day  period. 
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Estimated  monthly  discharge  of  Wisconsin  River  near  Necedah,  Wis.,  for  1903  to  1905 — 

Continued. 


September. 

October 

November. 
Deciember.. 


Date. 


1904. 


Discbarge. 


Run-off. 


Maxi- 
mum- 


Sec.-feet. 
10,600 
i      33,830 


I 


9,700 


Mini- 
mum. 


I 


Mean. 


Sec-feet.  Sec. -feet. 
2,400  5,227 

6,170         13,590 


3,460 


5,608 


1905.O  i 

March  21-30 ' '  20,500 

April ' 35,370 

May • 17,800 

June ' '  93,300 

July ' '  15,700 


Augu.st 

September  . 
October  . . , 
November  . 
December  . , 


9,700 
13,600 
9,400 
5,900 
14.800 


3,920 
6,170 
6,305 
7,300 
4,150 
3,920 
4,630 
3,240 
3,460 
4.150 


Per 
.square 
mile. 

Sec-feet. 
.901 
2.34 
.982 


9,037 
15,790 
11,060 
23,320 
8,711 
6,099 
7,419 
5,748 
4,667 
8.888 


Depth. 

Inches. 
1.01 
2.70 
1.10 


1.56 
2.72 
1.91 
4.02 
1.50 
1.05 
1.28 
.991 
.805 
1.53 


The  year . 


I 


I 


I 


Rainfall. 


Jnchei. 

4.53 

5.70 

.25 

1.86 

0.58 
3.04 
2.20 
4.48 
1.73 
1.21 
1.43 
1.14 
.896 
1.76 

34.87 


a  No  estimate  for  ice  period. 
Discharge  measurements  of  Wiscojmn  Riv>er  at  Merrill,  Wis.,  in  1902,  1903,  190^,  and  1905. 


Date. 


Hydrographer. 


November  17 L.  R.  Stockman. 

December  10 ' do 


wiHfK     -\rea  of  >     Mean     ;   Gage 
^^ '**'"•   swtion.    velocity,   height. 


Feet. 


Square 
feet. 


Feet  per 
second. 


I 
1903.  j 

January  20  a ' do 

February  16  o do 

March  20 ' do 

May7'> ' do 

June  17  fr do 

July  13 ' do 

August  22  b ' do 

September  II |  E.  C.  Murphy.. . 

October  24 i  L.  R.  Stockman. 

1904. 

May  126 K.  Johnson,  jr... 

June  5 do 

July  15  6 do 

Septemljer  21 ' do 

October  14 1  F.  W.  Hanna  .... 

November  30a E.  Jolmson,  jr... 


190). 


April  10. 
May  26.. 
June  10. . 
July  10.. 


S.  K.Clapp.... 

do 

M.  S.  Brennan. 
do 


310 
310 
344 
332 
308 
305 
283 
343 
334 


334 
334 
334 
312 
327 
306 


334 
324 
334 
332 


718  I 
669 
2,639  , 
2,232 
1,209 
1,424 
1,115 
1,759 
1,594 

2,220 
2,286 
1,366 
1,210 
2,333 
1,237 

2,189 
1,679 
2,334 
1,596 


1.91 
1.86 
3.78 
3.54 
1.78 
2.10 
2.36 
3.19 
2.61 

3.71 
4.19 
1.98 
1.91 
4.42 
1.85 


Feet. 
7.6 
3.8 


4.05 
3.70 
8.90 
6.85 
4.72 
5.70 
5.00 
6.66 
6.08 

7.85 
8.25 
5.30 
5.01 
8.25 
4.97 


3.84  ;  7.8 

2.69  6.25  j 

4.06  8.17  I 

2.73  j  6.48  I 


Second 
feet. 

9,015 

1,394 


1,376 
.  1,250 
9,995 
7,893 
2,258 
2,993 
2,638 
5,614 
4,159 

8,242 
9,587 
3,107 
2,312 
10,323 
2,294 

I      8,396 

I      4,519 

9,478 

4,357 


a  Partly  frozen. 


b  Affected  by  log  jam.  ^->  ^ 

Digitized  by  CjOOQIC 


74 


WATER    POWERS    OF   NORTHERN    WISCONSIN. 


Mean  daily  gage  height^  infeHy  of  Wisconsin  River  at  MerriUf  Wis.,  November  16,  1902^  to 

December  SI,  1905. 


.    Apr.   May.  June. 


1. 
2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 


19(M. 


6. 65 

aao 


July.  I  Aug.   Sept.  |  Oct.  j  Nov.    !>«■. 


6.05    

6.70    

6.75    

6.80      .    ... 

6,85    

6.75    

7.10    

5.15 

7.20    

5.20 

7.10    

5.55 

6.80    

5.60 

6.75    

6.00 

6.80    

6.45 

7.0)    

6.40 

6.10    

5.K> 

6.35    

5.35 

6.50    

5.35 

6.85    

6.30 

6.  CO    

6.75 

.        1 

f.05 

4.30 

6.  SO 

5.85 

5.10 

7.65     4.30     5.50     5.90     5.60 

5.10 

7.65  1  4.90 

5.70     6.90     5.30 

S.25 

8.70     6.60 

5.80     7.85     5-30 

5.10 

8.80     6.55 

6.00     aOO  ;  5.30 

5.25 

8.70 

7.45 

6.10     7,80 

5.75 

5.15 

8.30 

7.35 

6.10     8.85 

5.30 

5.30 

8.10 

7.25 

6.50 

ass     S.10 

5.30 

7.70 

(«) 

6.60 

8.35  ,  5.20 

5.15 

7.00 

6.80 

8.20 

5.10 

5.05 

7.50 

6.90 

7.70 

5.30 

4.95 

7.30 

9.10 

7.25 

5.25 

4.70 

6.30 

9.40 

7.35     5.25 

4.90 

5.50 

laoo 

7.10     5,25 

4.90 

6.00 

11.10 

7.10     &.05 

5.30 

5.40 

11.50 

6.75     5.50 

4.55 

5.50 

laso 

6.€0     5.35 

5.00 

5.40 

laio 

6.a)     4-«5 

5.10 

5.15    9.40 

6.60      4.75 

5.10 

5.55 

8.90 

6,35     4.85 

5.20 

4.65 

8.50 

6.35  i  4.75 

5.30 

4.90 

8.10 

6.35     4.55 

4.» 

5.40 

7.90 

6.40     4.60 

4.« 

5.10 

7.70 

6. 15      4. 70 

5.10 

4.65    1  7.10 

6.05 

4.90 

5.00 

5.10    7.20 

6.00 

5.35 

5.30 

4.10    7.20 

5.85  :  5.25 

5-50 

4.50    :  7.05 

5. 75      4. 85 

5.60 

5.60    '  5.40 

.5.85     4-85  , 

5.50 

4.50    '  6.05 

5.95     5.05  ' 

5-80 

4.30 

' 

5.60 

5.60 

I 


Jan.      Feb.  I  Mar.  I  .\pr.     May.     June.    July.     Aug.  '  Sept.  j  Oct.     Nov.    Dec 


5.90 

5.65 

5.90 

5.90 

7.55 

7.55 

6.75 

6.00 

5.6.5 

5.95 

5.85 

7.10 

7.25 

6.80 

6.a5 

5.60 

5.90 

5.90 

6.80 

7.30 

6.60 

6.10 

5.5.5 

5.90 

.5.85 

7.05 

7.70 

6.20 

6.10 

5.70 

5.90 

5.90 

7.30 

8.05 

6.25 

6.00 

5.70 

5.a5 

6.40 

6.75 

&30 

6.20 

5.75 

5.60  ' 

5.95 

6.35 

6.75 

7.80 

6.20 

5.80 

5.80 

5.85 

6.65 

7.05 

7.85 

6.35 

5.50 

5.80 

5.90 

7.20 

8.40 

7.65 

6.70 

5.85 

5.75 

5.90 

7.15 

8.20 

7.35 

6.95 

5.55 

5.85 

5.90 

7.15 

7.90 

7.00 

7.20 

5.70 

5.75, 

5.90 

6.75 

7.95 

7.55 

6.65 

5.75 

6.10 

5.80 

6.80 

7.70 

7.25 

5.45 

5.70 

5., 55 

5.80 

6.65 

7.95 

6.50 

6.00 

5.55 

5.60 

5.90 

6.35 
a  CI 

7.70 
lain  gai 

6.20 
je  stole 

5.  75 
n. 

5.15 

5.05 

5.20 

4.90 

5.10 

5.95 

5.00 

7.80 

5.05 

6.90 

5.25 

6.25 

5.20 

7.05 

6.65 

7.00 

5.10 

6.75 

5.20 

5.90 

5.30 

6.15 

6.20 

6.60 

7.15 

6.15 

5.50 

5.95' 

5.30 

5.95  i 

6.15 
6.25 
6.70 
5.85 
6.40 
5.90 
5.60 
6.70 
7.75 
10.10 
ia40 

iai5 

9.05 
8.30 
7.55 


ft.  70 

4. 85 

6,60 

5.20 

6.25 

485 

5.90 

4- 85 

5.75 

4.75 

5.70 

4-95 

5.55 

4.8D 

5.15 

5.15 

4.70 

5.00 

4.55 

5.00 

4.40 

4.65 

4.75 

4.45 

5.90 

4.80 

6.00 

5.06 

4.60 

5.20 
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Mean  daily  gage  height^  in  feet,  of  Winconsin  River  at  Merrill,  Wis.,  November  16,  1902^  to 
December  SI,  1905 — Continued. 


Day. 


Jan. 


Feb. 


16 

5.60 

5  an 

18.  . 

5.55 

u 

5.65 

20 

5.60 

21 

5.70 

22 

5.65 

23 

5.60 

24 

5.50 

2f, 

5.85 

20 

5.55 

27 

5.55  1 

28 

5.55 

29 

5.55 

CO 

5.55 

31 

5.50 

5.20 
4.95 

1905. 
1 

2 

3 

5.20  : 

4 

5.70 
5.35 
5.40 

5 

6 

7 

5.20  1 

8 

5.45 
5.15 
5.05 
5.35 
5.50 
5.50 

9 

10.... 

11 

12 

13 

14.... 

1 
5.90 

15 

G.0O 

lf» 

5.95 

17 

5.75  j 

18.... 

5.85 

19 

5.65 

20 

5.15 

21 

5.15 

22 

5.60  ! 

23 

5.80 

24 

6.05 

25 

6.15  I 

2fi 

5.85  j 

27 

5.85  '■ 

28 

5.25 

29 

5.10 

30 

5.05 

31 

5.15 

5.65 
5.95 
5.90 
5.90 
6.15 
5.85 
5.95 
5.90 
5.90 
5.90 
5.90 
5.90 
5.90 
5.95 


5.25 
5.00 
4.90 
5.15 
5.50 
5.35 
5.15 
5.25 
5.10 
5.40 
5.20 
4.95 
5.20 
5.25 
5.15 
5.50 
5.70 
5.65 
5.55 
5.35 
4.30 
5.20 
5.75 
5.80 
5.  CO 
5.15 
5.65 
5.35 


Mar.      \pr.  !  May.  j  June. 


-n    I 


1 


5.85 
5.90 
5.75 
5.65 
5.70 
5.75 
5.80 
5.35 
5.75 
6.00 
5.85 
5.55 
5.70 
5.80 
5.70 
5.80 

5.35 
535 
5.20 
5.40 
5.25 
5.35 
5.55 
5.15 
5.20 
5.65 
5.45 
5.05 
5.45 
4.70 
4.70 
4.95 
5.05 
5.25 
5.25 
5.25 
5.50 
4.95 
4.95 
5.35 
4.55 
5.75 
6.05 
7.40 
8.00 
8.60 
8.50 


5.85 
6.45 
6.30 
6.35 
6.15 
6.05 
6.a5 
6.10 
7.00 
8.10 
8.3.5 
8.45 

aso 

8.20 
7.75 


8.90 
8.80 
9.20 
8.90 
8.80 
8.80 
8.80 
8.20 
8.60 
7.80 
7.40 
7.20 
7.40 
7.00 
0.90 
7.20 
7.40 
7.00 
6.45 
6.45 
6.45 
0.05 
5.95 
5.00 
5.75 
6.20 
5.90 
5.65 
5.95 
5.45 


I 


7.90 
7.40 
6.55 
6.75 
6.75 
6.85 
7.05 
7.05 
7.05 
8.10  i 
10.10 
10.60 
9.80 
9.05 

aeo 

7.95 

6.15 
5.70 
0.20 
6.10 
6.25 
6.40 
0.45 
7.20 
0.70 
6.45 
6.95 
7.20 
6.90 
7.40 
7.60 
7.60 
7.80 
7.80 
7.50 
7.30 
7.00 
6.75 
6.80 
6.40 
6.45 
6.30 
0.35 
6.35 
6.25 
0.25 
0.00 


6.10 
6.05 
6.10 
6.50 
6.20 
0.05 
6.10 
6.05 
7.25 
5.60 

o.ob 

0.25 
7.25 
0.80 
6.30 


5.80 
5.70 
5.90 
5.50 
7.00 
10.40 
10.00 
9.00 
9.00 
a  40 

a  50 
a40 

7.80 
7.80 
7.60 

a  10 

10.40 
10.00 
10.60 
9.60 
9.20 

aoo 
a  50 
aoo 

7.00 
6.90 
7.60 
7.50 
6.75 
7.05 


July. 


5.60 
5.80 
6.05 
4.50 
4.60 
5.10 
5.20 
5.30 
4.90 
4.50 
4.00 
5.40 
5.10 
5.50 
5.70 
5.50 

7.40 
7.30 
7.50 
7.00 

aoo 
a20 

7.70 
7.80 

aoo 

7.20 
6.85 
7.05 

a2o 

6.30 
0.80 
0.50 
0.30 
0.55 
5.05 
5.05 
0.45 
0.00 
5.50 
5.40 
6.20 
5.10 
5.05 
5.80 
5.60 
5.75 
4.30 


Aug. 


5.70 
6.65 
5.90 
5.75 
0.40 
0.10 
0.20 
0.15 
5.85 
5.80 
5.70 
0.00 
5.50 
5.90 
0.35 
5.05 

5.05 
5.45 
5.35 
5.35 
5.95 
0.10 
6.85 
0.00 
0.25 
6.40 
0.05 
5.75 
0.00 
0.15 
&90 
0.05 
5.90 
0.40 
6.25 
6.20 
5.90 
6.80 
0.50 
4.80 
5.55 
6.35 
0.40 
0.25 
6.75 
0.00 
0.80 


Sept.  ,   Oct. 


Nov. 


5.90 
5.90 
5.95 
5.90 
5.20 
5.35 
5.05 
5.50 
6.80 
7.10 
7.75 
7.15 
7.20 
6.40 
6.10 


6.10 

6.20 

6.15 

0.70 

0.70 

0.25 

0.00 

0.25 

0.10 

0.30 

0.15 

6.30 

0.65 

6.40 

6.05 

6.40 

0.00 

0.45 

0.90 

7.35 

6.70  , 

7.30  j 

6.90  I 

0.80  j 

0,50  I 

0.25 

0.55  I 

0.15 ; 

5.95 
0.45 


7.15  1 
6.90 
6.90 
6.95 
6.25  I 
6.35 
6.80  ' 
6.65  ! 
6.55 
7.10  I 
7.20  j 
6.90  r 
6.75 
6.85 
6.65 
6.26 


I 


0.20 

6.00 

0.20 

0.00 

0.05 

0.00 

5.30 

5.30 

4.30 

4.90 

0.15 

&80 

6.45 

6.55 

5.90 

0.15 

5.86 

0.26 

0.66 

0.85 

6.70 

0.70 

0.80 

0.15 

0.30 

0.70 

0.65  j 

0.90  I 

0.50 

5.70 

5.80 


4.50 
4.55 
4.55 
4.75 
5.05 
5.10 
5.25 
5.10 
4.95 
4.75 
4.95 
5.45 
5.15 
5.15 
4.85 


Dec. 


5.30 
5.20 
5.20 
5.10 
5.06 
5.20 
5.70 
5.25 
5.20 
5.45 
5.05 
5.60 
5.95 
6.60 
5.50 
6.16 

6.20 
5.70 
5.00 
6.80 
6.40 
6.26 
5.65 
6.66 
6.35 
6.76 
6.70 
6.66 
5.00 
5.00 
5.35 
6.70 
0.16 


6.20 
0.30 
6.60 
6.25 
&80 
6.35 
5.10 
5.65 
6.45 
6.90 
6.80 
6.15 
5.30 
5.00 
5.20 
5.05 
5.70 
5. 76  i     6. 50 


6.86 
5.46 
5.75 
6.75 
5.75  j 
5.00 
5.70  ' 
5.20  I 
4.80  ' 
5,15 
5.05  j 
5.50 


5.00 
5.06 
5.75 
6.75 
5.46 
5.56 
6.90 
0.25 
5.90 
5.00 
5.85 
5.70 
5.40 


Note.— No  ice  record  at  this  station. 
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Rating  table  for  Wisconsin  Rit^r  at  highway  bridge  near  Merrill,  Wis.,  from  June  17, 1903,  to 

December  SI,  1904. 


Gage 
height. 

Feet. 

Discharge. 
Second-ft. 

Gage 
height. 

Feet. 

Di-scharge. ' 
Second-ft. 

Gage 
height. 

Feet. 

Dlschaige. 

Ga«e 
heigfat. 

Feei. 

Discharge,  j 

Second-ft. 

Second-ft. 

4.5 

1          1,485 

5.5 

3,225 

6.5 

5,485 

8.0 

9,565    1 

4.6 

1,645 

5.6 

3,425 

6.6 

5,725 

8.2 

10,225 

4.7 

1           1,805 

5.7 

3,li35    , 

6.7 

5,975 

8.4 

10,885 

4.8 

1,970 

5.8 

3,855 

6.8 

6,225 

S.6 

11,545 

4.0 

1          2,140 

5.9 

4,075 

a9 

6,475 

8.8 

12,205 

5.0 

2,310 

6.0 

4,305 

7.0 

6,725 

9.0 

12,865 

5.1 

2,485 

6.1 

1          4,535 

7.2 

7,245 

9.5 

14,515 

5.2 

2,«»5 

6.2 

4,765 

7.4 

7,785 

10.0 

16,165 

5.3 

2,845 

a3 

5,005 

7.6 

8,345 

10.5 

17,815 

5.4 

3,(m 

6.4 

♦5,245     1 

7.8 

8,935 

11.0 

19,465 

Estimated  monthlij  discharge  of  Wisconsin  Ritw  at  Merrill^  Wis.,  for  190^ 
[Drainage  area,  2,630  square  miles.] 


Date. 


Maxi- 
mum. 


Discharge. 

Mini-     ' 
mum. 


Run-off. 


1904.                                   ■  Sec.  ft. 

January 4,535 

February 4,655 

March '  4,305 

April 1 1,220 

May 18, 140 

Juno 10,560 

July I  7,24.'> 

August 7,  no 

September 

October 

Noveml^er 

December 

The  year 


Sec.  ft. 
3,225 
3,330 
2,945 
3,970 
5,610 
3,425 
1,485 
2,310 


8,935  1 

2,140 

17,480 

3,42.5 

5,975 

1,410 

4,195 

1,490 

18,140 

1,410 

RAIL.ROAl>.S. 

The  railway  facilities  will  be  discussed  in  connection  with  each  power,  but  in  general 
it  may  be  said  that  they  are  excellent.  The  willingness  of  the  railroads  to  go  where  therp 
is  an  assured  traffic  is  seen  at  Nekoosa.  Since  the  construction  of  the  paper  and  pulp 
mill  at  this  point  thre^^  different  railroads  have  extended  their  lines  to  the  mill. 

The  land  is  being  rapidly  cleared  and  made  into  farms,  especially  during  the  past  five 
years.     This  fact  insures  the  certain  and  steady  ext(»nsion  of  the  railroads  in  this  region. 

AVATER  POWERS. 

In  the  first  138  miles  above  itii  mouth  Wisconsin  River  occupies  a  wide,  sandy  valley, 
entinMy  devoid  of  any  falls  or  rapids,  and  showing  a  very  uniform  descent  of  only  li 
feet  per  mile. 
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KILBOURN. 

The  first  water  power'is  found  at  Kilbourn,  where  the  river  flows  across  the  Cambrian 
sandstone  in  a  narrow,  deep  gorge  known  as  "The  Dell,"  100  to  600  feet  wide  and  40  to 
70  feet  deep.  The  drainage  area  of  Wisconsin  River  at  Kilbourn  is  about  8,200  square 
miles.  Acconfing  to  discharge  measurements  made  by  United  States  engineers,  the  low- 
water  dischargp  is  3,000  s?cond-feet.  A  dam  with  a  crest  3  feet  above  low  water  was  for 
many  years  operated  here,  under  an  old  charter,  the  power  being  used  for  a  flouring  mill. 
This  was  burned  down  over  thirty  years  ago  and  since  that  time  no  use  has  been  made  of 
the  power. 

The  Madison  Traction  Company,,  of  Madison,  Wis.,  has  a  charter  for  a  15-foot  dam 
above  the  ordinary  low-water  level,  with  the  privilege  of  2  feet  of  flash  boards,  giving  a 
head  of  17  feet  or  more.  It  has  been  proposed  to  build  an  electric  railroad  from  Madison 
northward  via  Kilbourn,  as  an  extension  of  the  present  Madison  street  railway  system, 
and  the  plans  contemplate  using  this  water  power  to  drive  the  dynamos. 

The  river  continues  to  flow  in  the  Cambrian  sandstone  for  the  next  70  miles,  until  Nekoosa 
is  reached.  Although  the  river  descends  over  105  feet  in  this  distance  the  fall  is  so  evenly 
distributed  that  good  watei^power  sites  are  lacking.  At  Nekoosa,  however,  for  the  first 
time,  we  find  the  river  flowing  in  the  hard  prc-Cambrian  crystalline  rock.  In  the  next 
8i  miles  above,  the  river  has  a  descent  of  83  feet,  nearly  all  of  which  is  improved  by  5 
dams.  These  dams  furnish  power  for  5  large  modem  paper  and  pulp  mills  and  will  be 
described  in  order,  beginning  below. 


A  rock  crib  dam  at  Nekoosa  develops  a  head  of  nearly  20  feet.  This  power  is  used 
to  operate  a  modem  paper  and  sulphite  mill,  one  of  the  largest  on  the  river,  owned  by 
the  Nekoosa  Paper  Company.  An  installation  of  37  turbines  is  reported,  developing  a 
total  of  4,560  actual  horsepower  for  twenty-four  hours  per  day.  The  drainage  area  of 
the  river  at  this  point  is  about  5,700  square  miles. 

POET   EDWARDS. 

About  4i  miles  farther  upstream  is  another  fully  developed  power  owned  by  the  John 
Edwards  Manufacturing  Company.  A  head  of  18  feet  is  here  available.  Turbine  wheels, 
to  the  number  of  28,  develop  3,860  actual  horsepower,  which  is  used  to  run  a  lai^  paper 
and  pulp  mill.  Two  miles  farther  upstream  is  the  Centralia  Pulp  and  Water  Power  Com- 
pany's dam,  with  an  average  head  of  13  feet.  Turbines  of  1,460  horsepower  are  here 
installed,  according  to  the  company's  report,  all  used  in  the  manufacture  of  paper  and 
pulp. 

GRAND  RAPIDS. 

One  of  the  largest  and  most  complete  paper  and  pulp  mills  in  the  entire  State,  owned  by 
the  Consolidated  Paper  and  Power  Company,  is  located  on  the  west  side  of  the  river, 
within  the  city  limits  of  Grand  Rapids.  This  mill  was  erected  in  1902  and  its  instal- 
lation of  papei^raaking  machinery  has  all  the  rec-ent  important  improvements.  Before 
this  mill  was  constmcted  there  was  a  total  descent  of  30.8  feet  between  the  foot  of  Biron 
dam,  4  miles  above,  and  the  Grand  Rapids  bridge.  Of  this  amount  the  new  masonry 
and  concrete  dam  of  the  Consolidated  Paper  and  Power  Company  develops  a  head  of 
about  25  feet.  Turbines  of  6,500  horsepower  are  already  installed,  flume  space  being  also 
provided  for  the  development  of  an  additional  1,000  horsepower  for  future  expansion. 
Prior  riglits  to  500  horsepower  developed  by  this  dam  are  owned  by  the  Grand  Rapids 
Milling  Company,  which  uses  it  in  the  manufacture  of  flour. 

The  Pioneer  Wood  and  Pulp  Company  has  certain  righU  to  about  600  or  800  horse- 
power "when  the  stage  of  the  river  will  permit,"  which  has  meant  about  ten  months  each 
year.  This  power  is  used  by  the  company  for  grinding  wood  pulp.  The  Grand  Rapids 
foundry  also  has  rights  to  about  40  horsepower  from  the  same  dam.     The  milling  company 
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and  the  foundry  both  receive  their  power  from  the  Consolidated  Company  in  consideration 
for  power  previously  owned  by  them  and  displaced  by  the  present  dam. 

The  above-described  four  paper  mills  have  the  advantage  of  competition  in  freight  rates 
incident  to  being  serVed  by  each  of  the  following  railways:  The  Chicago  and  Northwestern; 
Chicago,  Milwaukee  and  St.  Paul;  Green  Bay  and  Western;  and  Wisconsin  Central. 

About  4  miles  above  Grand  Rapids  is  located  the  dam  of  the  Grand  Rapids  Paper  and 
Pulp  Company.  A  head  of  from  10  to  12  feet,  depending  on  the  stage  of  the  water,  h 
reported  with  turbines  already  installed  of  3,063  ho'^sepower.  This  company  is  served 
by  the  Green  Bay  and  Western  Railroad.  In  the  13  miles  between  the  crest  of  the  Biron 
dam  and  the  foot  of  the  next  one  above,  near  Stevens  Point,  Wisconsin  River  descends 
16  feet.  The  only  rapids  in  this  distance  is  one  of  3i  feet  called  "Crooked  Rift,"  about 
4  miles  above  the  Biron  dam.  The  greater  part  of 'this  fall  properly  belongs  to  the  Biron 
power  and  is  largely  developed  by  the  splash  boards  of  that  dam. 

STEVENS  POINT. 

Owing  to  the  peculiar  topography  of  the  river  valley  between  Nekoosa  and  Stevens 
Point,  whereby  the  adjacent  tributaries  flow  for  long  distances  parallel  to  the  main  river, 
and  to  the  decided  narrowing  of  the  river  valley  between  these  points,  the  dischaige  of 
Wisconsin  River  at  Stevens  Point  does  not  differ  greatly  from  that  at  Nekoosa.  The 
drainage  area  at  Stevens  Point  is  about  5,600  square  miles. 

In  the  city  of  Stevens  Point  and  immediately  south  of  it  are  found  three  developed 
powers  and  one  undeveloped.  Of  the  former,  the  lower  two  are  owned  and  operated  by 
the  Wisconsin  River  Paper  and  Pulp  Company.  One  of  its  dams  is  located  in  the  NE. 
J  sec.  17,  T.  23  N.,  R.  8  E.,  just  below  the  mouth  of  Plover  River,  and  supplies  a  head 
of  9  feet.  At  this  point  a  large  island  occupies  the  middle  of  the  river  and  is  made  use 
of  in  the  construction  of  the  dam.  Tlic  company  has  instaUed  turbines  rated  at  1,370 
horsepower.  One-half  mile  above  this  dam,  at  a  point  where  the  river  is  much  narrower, 
is  located  the  second  dam  belonging  to  this  company,  giving  an  average  head  of  16  feet. 
Here  are  installed  18  turbines  rated  at  4,660  horsepower.  This  power,  as  well  as  that 
derived  from  the  dam  below,  is  used  in  the  manufacture  of  pulp  and  paper.  Both  mills 
are  located  on  the  east  or  right  bank  and  have  good  shipping  facilities.  Above  the  last- 
described  power  and  about  a  mile  below  the  dam  next  above  is  an  undeveloped  power  of 
about  7-foot  head  belonging  to  the  same  company.  As  the  river  is  wide  at  this  point,  t 
very  long  dam  would  be  n  quired  to  develop  this  power,  but  -its  location  in  the  city  would 
make  it  very  valuable. 

The  third  dam  is  located  within  the  limits  of  the  city  of  Stevens  Point  and  is  owned 
by  the  Jackson  Milling  Company.  Thb  dam  develops  an  average  head  of  7  feet.  The 
owners  have  installed  only  3  turbines,  rated  at  140  horsepower,  which  is  used  to  run  a  flour 
and  feed  mill.  By  building  a  new  dam  1,000  feet  below  the  present  one,  with  a  crest  of  10 
feet,  a  12-foot  head  could  easily  be  obtained  without  flooding.  On  account  of  its  location 
in  a  growing  city  of  10,000  people,  it  would  seem  that  all  this  power  could  easily  find  takers 
at  remunerative  rates. 

BATTLE   ISLAND. 

In  the  19  miles  between  the  head  of  the  upper  dam  at  Stevens  Point  and  the  bridge  of 
the  Chicago,  Milwaukee  and  St.  Paul  Railway  near  Knowlton,  according  to  railroad  levels, 
the  river  descends  30  feet.  In  this  distance  there  is  only  one  opportunity  for  the  develop- 
ment of  water  power,  namely,  at  Battle  Island,  in  sec.  28,  T.  26  N.,  R.  7  E.  From  the 
foot  of  the  rapids  at  Mosinee  to  Battle  Island,  according  to  a  survey,  there  is  a  fall  of  20 
feet.  The  banks  at  this  point  are  said  to  be  high,  so  that  a  dam  could  be  economicaUy 
built  with  a  head  of  20  feet.    The  Wisconsin  Valley  division  of  the  Chicago,  Milwaukee 
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and  St.  Paul  Railway  is  distant  less  than  a  mile  from  this  site,  and  rock  and  timber  are 
very  abundant  and  near  at  hand;  in  fact,  the  bed  and  banks  of  the  river  are  in  rock. 


An  easily  developed  power,  one  of  the  best  on  the  river,  is  found  at  Mosinee,  in  sec.  31, 
T.  27  N.,  R.  7  E.  It  is  owned  by  the  Joseph  Dessert  Lumber  Company.  About  forty 
years  ago  a  flooding  dam  with  a  head  of  5  or  6  feet  was  built  here,  and  it  has  since  been 
rebuilt  several  times.  The  dam  was  located  near  the  head  of  the  rapids,  probably  because 
of  the  ease  of  construction  due  to  a  large  island  in  the  river  at  this  point.  Later  a  sawmill 
was  built  on  the  right  bank,  thereby  securing  a  head  of  about  12  feet.  At  the  present  time 
this  miU  is  run  by  steam  power,  and  no  use  is  made  of  the  water  power.  An  effort  is' now 
being  made  to  interest  capital  to  develop  this  power  to  its  maximum  amount  for  a  pro- 
posed paper  and  pulp  mill.  This  will  require  a  new  dam.  Such  a  dam  could  be  made  to 
develop  a  head  of  20.7  feet  by  flooding  a  small  marsh  above.  The  high  banks  and  the  bed 
of  the  river  are  in  the  hard  crystalline  rock. 

ROTHCHILDS. 

In  the  18  miles  between  the  east  quarter  stake  of  sec.  35,  T.  29  N.,  R.  7  E.,  below  the 
mills  at  Wausau,  and  the  crest  of  the  Mosinee  dam,  Wisconsin  River  descends  28  feet.a 
A  considerable  portion  of  this  fall  is  concentrated  in  rapids  in  sec.  24,  T.  28  N.,  R.  7  E. 
at  a  place  called  Rothchilds.  The  right  bank  is  steep,  but  the  left  bank  is  much  less  so. 
A  dam  could  be  buUt  here  which  would  develop  a  head  of  nearly  20  feet,  but  it  would 
need  to  be  long.  Rib  and  E^u  Claire  rivers,  with  drainage  areas  of  500  and  423  square 
miles,  respectively,  enter  Wisconsin  River  from  opposite  sides  but  a  short  distance  above 
Rothchilds.  This  place  is  7  miles  from  Wausau  and  is  reached  by  the  Chicago,  Milwaukee 
and  St.  Paul  Railway.  During  the  year  1903  Wausau  capitalists  made  earnest  efforts  to 
acquire  the  necessary  flowage  rights  for  the  improvement  of  this  power,  but  the  owners 
of  the  land  were  unwilling  to  sell  at  the  rates  offered  and  the  project  was  dropped. 


Only  a  portion  of  the  valuable  water  power  located  in  the  city  of  Wausau  has  been 
developed.  A  high  granite  island,  nearly  a  quarter  of  a  mile  long,  occupies  the  middle 
third  of  the  river  at  this  place,  the  main  dam  being  built  from  the  head  of  this  island  to 
the  right  bank,  a  distance  of  about  350  feet.  The  guard  lock  is  located  on  the  opposite 
channel,  at  the  site  of  the  Scott  Street  Bridge,  and  is  about  300  feet  long. 

Near  the  head  of  the  island  is  located  the  McEchroy  roller  mill.  Three  turbines,  installed 
under  an  average  head  of  only  7i  feet,  develop  296  actual  horsejx)wer,  which  is  ample  for 
this  mill  as  at  present  equipped. 

About  1,000  feet  below  the  guard  lock  are  situated  the  Alexander  Stewart  Lumber  Com- 
pany's planing  and  saw  mills,  working  under  heads  of  9  and  11  feet,  respectively.  Four 
turbines,  rated  at  200  hor8ejx)wer,  are  installed.  The  planing  mill  runs  ten  and  the  saw- 
mill twenty  hours  a  day.    The  company  also  has  350  steam  horsepower. 

About  1,300  feet  below  the  guard  lock  is  located  the  plant  of  the  Wausau  Paper  Mills 
Company,  which  takes  its  power  from  the  old  dam,  but  because  of  the  location  so  far 
below  has  the  advantage  of  the  additional  fall  in  the  river.  This  gives  an  average  head 
of  14  feet.  The  company  has  installed  12  turbines,  rated  at  about  3,600  actual  horsepower, 
and  in  addition  has  500  steam  horsepower.    This  mill  runs  twenty-four  hours  a  day. 

During  the  past  year  the  Wausau  Electric  Company  has  acquired  rights  to  two-ninths 
of  the  total  flow  of  the  stream,  and  has  blasted  a  new  tailrace  out  of  the  solid  rock  for  a 
distance  of  300  or  400  feet,  thereby  increasing  the  head  to  22J  feet.  This  company  has 
as  yet  installed  only  one  pair  of  turbines,  rated  at  700  horsepower,  but  intends  to  double 


a  U.  8.  Oeol.  Survey  topographic  map. 
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this  in  two  years.     The  Stewart  Lumber  Company  owns  three-ninths  and  D.  L,  Plumer 
four-ninths  of  the  total  flow  of  the  river. 

Wausau  is  a  city  of  about  13,000  inhabitants  and  is  the  county  seat  of  Marathon  County. 
The  Marshfleld  branch  of  the  Chicago  and  Northwestern  Railway  crosses  Wisconsin  River 
at  this  point,  and  the  city  is  served  also  by  the  Chicago,  Milwaukee  and  St.  Paul  Railway. 


In  the  20  miles  (by  river)  between  the  foot  of  the  lower  dam  at  Merrill  and  the  head  of 
the  Wausau  dam  Wisconsin  River  descends  about  55  feet,  35  feet  of  this  being  between 
Wausau  and  the  mouth  of  Pine  River.o  The  only  portion  of  this  fall  at  present  developed 
is  at  Brokaw,  where  a  dam  with  a  head  of  12  feet  furnishes  power  for  a  large  paper  and 
pulp  mill.  Twelve  turbines,  rated  at  3,964  horsepower,  are  installed.  Brokaw  is  about 
6  miles  above  Wausau,  in  sec.  3,  T.  29  N.,  R.  6  E.,  and  is  reached  by  the  Chicago,  Milwaukee 
and  St.  Paul  Railway. 

TRAPP  RAPIDS. 

About  4  mile«  above  Brokaw,  near  the  mouth  of  Trapp  River,  are  the  Trapp  rapids.  & 
The  bed  of  the  river  is  in  the  hard  crystalline  rocks,  and,  accordijig  to  the  topographic 
map,  both  banks  are  about  30  or  35  feet  high  and  the  river  600  feet  wide.  A  head  of  18  or 
20  feet  could  probably  be  developed  here  by  a  dam.  The  nearest  city  is  Merrill,  a  place 
of  over  9,000  inhabitants,  distant  only  8  miles  by  the  Chicago,  Milwaukee  and  St.  Paul 
Railway. 

MERRIU.. 

In  the  city  of  Merrill  are  two  dams.  The  lower  one,  which  has  recently  been  repaired 
and  partially  rebuilt,  is  located  between  lots  1  and  3,  sec.  12,  T.  31  N.,  R.  6  E.,  and  gives 
an  average  head  of  14  feet.  This  power  is  owned  by  the  Merrill  Electric  Light  Company, 
which  has  installed  and  uses  600  horsepower.  The  remainder  of  the  power  is  leased  to 
the  Lindore  Paper  Company,  which  in  1904  blasted  out  a  new  tailrace  about  600  feet 
below  the  dam  and  has  here  installed  23  turbines  undec  a  14-foot  head,  rated  at  2,220 
horsepower. 

The  second  dam  within  the  city  limits  of  MerriU  is  locate  in  sec.  10,  T.  31  N.,  R.  6  E., 
about  2\  mile^  above  the  paper  mill,  and  is  used  for  boom  purposes  only.  It  has  a  length 
of  about  475  feet  and  develops  an  average  head  of  8  feet.  A  similar  dam  w^ith  an  8-foot 
head  is  located  about  2  miles  above,  between  sees.  8  and  9,  T.  31  N.,  R.  6  E.,  and  is  also 
used  only  for  boom  purposes.  Both  dams  are  owned  by  the  Wisconsin  River  Driving  Asso- 
ciation. As  these  dams  are  of  little  use  at  present,  owing  to  the  decline  of  the  lumber 
interests,  a  company  Ls  now  being  formed  to  greatly  improve  the  two  jx)wers  by  the  con- 
struction of  a  new  dam,  to  be  located  between  sees.  9  and  16,  T.  31  N.,  R.  6  E.  It  is  stated 
that  a  head  of  24  feet  can  be  obtained  here  to  run  a  new  paper  mill. 

Wisconsin  River  is  joined  at  Merrill  by  Prairie  River.  Between  Merrill  and  Rhinelander 
Tomahawk  and  Pelican  rivers  add  their  waters  from  an  aggregate  drainage  area  of  3,300 
square  miles. 

BILL  CROSS  RAPIDS. 

The  next  power  in  order  above  Merrill  is  found  at  Bill  Cross  Rapids,  in  sec.  13,  T.  32  X., 
R.  5  E.,  not  far  from  the  east  quarter  stake.  Between  this  point  and  the  foot  of  Grand- 
father Rapids  the  river  descends  26i  feet.  As  the  banks  are  reported  high  at  this  point 
it  is  probable  that  a  head  of  20  to  24  feet  could  be  obtained.  This  dam  site  is  distant  5 
miles  from  the  Chicago,  Milwaukee  and  St.  Paul  Railway. 


a  U.  S.  Oeol.  Survey  topographic  map. 

bThe  power  and  npanan  rights  at  these  rapids  are  owned  by  G.  D.  Jones,  Neal  Brown,  and  Carl 
Mathle,  of  Wausau,  Wis. 
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GRANDFATHER   RAPIDS. 

In  the  53  miles  between  the  foot  of  the  upper  dam  at  Merrill  and  the  foot  of  the  Rhine- 
lander  dam  the  river  has  a  natural  descent  of  277  feet,  an  average  of  5.2  feet  per  mile. 
In  this  stretch,  besides  several  other  fine  ]x>wers,  are  included  Grandfather  Rapids,  the 
largest  water  power  on  the  river,  developed  or  undeveloped.  These  rapids  begin  in  the 
NE.  1  sec.  30,  T.  33  N.,  R.  6  E.,  and  extend  to  the  SW.  i  sec.  31,  a  distance  of  1 J  miles, 
and  are  the  most  noted  rapids  on  the  river.  A  view  of  them  is  shown  in  PI.  Ill,  j4.  The 
descent  in  this  distance  is  89}  feet.  The  high  bank  and  the  bed  of  the  river  are  in  the  hard 
pre-Cambrian  rock.  For  nearly  thirty  years  the  Wisconsin  River  Logging  Association  has 
maintained  three  logging  dams  on  these  rapids.  It  is  probable  that  the  cheapest  method 
of  developing  this  power  would  be  to  construct  three  dams  of  30  feet  head  each,  and  that 
the  jx)wer  could  be  best  employed  by  paper  mills.  The  site  is  about  midway  in  the  20  mile 
stretch  from  Merrill  to  Tomahawk. 

About  1.5  miles  above  Grandfather  Rapids  are  some  small  rapids  where  a  8.9-foot  dam 
would  back  the  water  t^  the  foot  of  Grandmother  Rapids. 

GRANDMOTHER   RAPIDS. 

From  the  foot  of  the  present  Tomahawk  dam  to  the  foot  of  Grandmother  Rapids,  Wi- 
consin  River  descends  41  feet,  6 J  feet  of  which  are  concentrated  at  these  rapids  in  a  dis- 
tance of  40  rods.  According  to  a  survey,  39  feet  can  be  developed  here.  One  dam  site 
should  be  nea^*  the  south  line*  of  sec.  10,  T.  33  N.,  R.  6  E.,  which  is  distant  only  2}  miles 
from  the  Chicago,  Milwaukee  and  St.  Paul  Railway  at  Irma. 

TOMAHAWK  DAM. 

This  dam,  which  has  a  head  of  13.2  feet,  is  located  in  the  SW.  }  sec.  10,  T.  34,  N.,  R.  6  E. 
It  has  a  total  pondage  of  over  4  square  miles,  the  largest  on  the  river,  backing  up  the  water 
in  the  main  river  for  about  6  miles,  as  well  as  in  the  tributaries.  The  steadying  effect 
which  this  dam  exerts,  together  with  that  of  several  dams  on  adjoining  lakes,  must  be  very 
beneficial.  This  power  has  been  used  for  several  years  for  running  a  large  paper  miU 
located  on  the  left  bank  and  reached  by  spur  tracks  of  the  Chicago,  Milwaukee  and  St.  Paul 
Railway.  The  installation  is  650  horse]x>wer.  During  the  summer  of  1904  another  paper 
mill  was  erected  on  the  opposite  bank,  taking  its  power  from  the  same  dam. 

PINE  CREEK  RAPIDS. 

From  the  foot  of  Whiripool  Rapids  to  the  backwater  of  the  Tomahawk  dam,  a  distance 
of  10  miles,  the  river  has  a  neariy  even  descent  of  23i  feet,  20  feet  of  which  could  be  devel- 
oped by  one  or  possibly  two  dams.  A  20-foot  dam  located  about  a  mile  east  of  the  city 
of  Tomahawk,  in  the  SE.  J  sec.  25,  T.  35  N.,  R.  6  E.,  would  back  the  water  up  into  Pine 
River.  Most  of  the  land  thus  to  be  overflowed  belongs  to  lumbering  companies  or  to  the 
Bradley  Company,  of  Tomahawk,  Wis.  This  dam  site  is  less  than  half  a  mile  from  the 
Marinette,  Tomahawk  and  Western  Railway. 

WHIRLPOOL  RAPIDS. 

These  rapids  extend  from  the  west  line  of  sec.  12,  T.  35  N.,  R.  7  E.,  to  the  north  line  ci 
Lincoln  County,  a  distance  of  about  2  miles,  in  which  the  river  descends  15.4  feet.  Between 
the  head  of  Whirlpool  Rapids  and  the  foot  of  Hat  Rapids  there  is  a  descent  of  12.63  feet. 
A  suitable  dam  at  the  foot  of  Nigger  Island,  in  sec.  12,  T.  35  N.,  R.  7  E.,  would  develop  a 
head  of  28  feet.  The  banks  are  said  to  be  high,  with  an  abundance  of  rock  and  timber 
adjacent  to  the  dam  site.  The  drainage  area  at  this  point  is  1,300  square  miles.  Three 
different  railroad  lines  are  located  within  3  or  4  miles  of  this  site,  and  Tomahawk,  a  city  of 
2,500  population,  is  7  miles  west. 
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HAT   RAPIDS. 

Between  the  mouth  of  Pelican  River  and  the  foot  of  Hat  rapids,  in  sec.  27,  T.  36  N., 
R.  8  E.,  the  Wisconsin  descends  al>out  22  feet.  As  the  banks  are  high,  a  dam  in  sec. 
27  between  lots  4  and  5  could  be  made  to  develop  about  20  feet  of  head.  The  drainai^e 
area  at  this  point  is  1,220  square  miles.  The  Rhinelander  Power  Company  has  been 
formed  to  develop  this  power,  and  from  Mr.  A.  W.  Sheldon,  Rhinelander,  Wis.,  its  attor- 
ney, the  following  facts  were  learned.  A  recent  survey  shows  that  the  concrete  dam 
should  W  located  13  rods  north  of  the  south  line  of  sec.  27,  T.  36  N.,  R.  8  E.  It  will  be 
264  feet  long,  with  earthen  dikes,  in  addition,  of  80  and  250  feet.  Such  a  dam  would  cre- 
ate a  head  of  20.3  feet.  The  site  is  only  5  miles  from  Rhinelander,  a  city  of  over  5,000 
inhabitants,  reached  by  both  the  Chicago  and  Northwestern  and  the  Minneapolis,  St. 
Paul  and  Sault  Ste.  Marie  railways.  The  jx)wer  could  be  either  used  at  the  site  for  a 
paper  mill  or  electrically  transmitted  to  Rhinelander  for  lighting  and  power  purposes.  The 
latter  is  stated  as  the  present  intention  of  the  owners.  An  officer  of  the  company  states 
that  ail  the  contracts  for  construction  and  machinery  have  been  let,  and  that  the  plant 
is  expected  to  be  in  operation  by  September,  1905. 

RHINELANDER   DAM. 

Between  the  foot  of  the  present  dam  of  the  Rhinelander  Paper  and  P*ulp  Company, 
in  the  city  of  Rhinelander,  and  the  foot  of  Otter  rapids,  in  sec.  36,  T.  40  N.,  R.  9  E.,  a 
distance  of  about  35  miles,  the  river  descends  79.2  feet.  The  dam  develops  30  feet  of  this 
descent,  and  the  power  is  used  to  run  one  of  the  largest  paper  and  pulp  mills  on  the  river. 
Tlic  company  has  installed  turbines  rated  at  a  total  of  3,000  actual  horsejX)wer  and  has 
also  1,200  steam  horsepower.  The  daily  capacity  of  this  mill  is  45  tons  of  finished 
paper,  40  tons  of  pulp,  and  40  tons  of  sulphite  pulp. 

The  river  above  this  point  has  a  drainage  atea  of  about  940  square  miles.  Above  Rhine- 
lander the  river  banks  are  lower  and  the  opportunities  for  developing  lai^  powers  few. 
In  the  35  miles  l)etween  Rhinelander  and  the  source  there  are  two  rapids,  called  Rainbow 
rapids  and  Otter  rapids.  In  this  distance,  according  to  the  United  States  engineeis,<» 
between  the  head  of  Otter  rapids  and  a  point  aliout  a  mile  above  the  mouth  of  Pelican 
River,  the  descent  of  Wisconsin  River  is  only  57  feet,  or  about  1.62  feet  per  mile. 

RAINBOW    RAPIDS. 

These  rapids  are  of  small  extent.  They  are  located  in  sec.  6,  T.  38  N.,  R.  8  E.,  and  a 
head  of  6  to  10  feet  could  be  secured. 

UTTER   RAPIDS. 

The  most  important  power  al>ove  Rhinelander  is  at  Otter  rapids,  where  a  logging 
dam  with  a  head  of  about  10  feet  was  early  constructed.  The  rapids  proper  descend 
16  feet, a  so  that  a  head  of  this  amount  or  more  could  be  developed.  The  dam  site  is 
between  lots  6  and  8,  sec.  36,  T.  40  N.,  R.  9  E.  The  drainage  area  above  this  point  is 
about  500  square  miles. 

According  to  the  Chicago  and  Northwestern  Railway,  the  Wisconsin  River  at  ConoTer, 
in  sec.  9,  T.  41  N.,  R.  10  E.,  has  an  elevation  of  1,644  feet  above  the  sea.  This  would 
give  a  fall  of  66  feet  in  the  24  miles  between  Conover  and  the  head  of  Otter  rapids. 

TRIBUTARIKS  OF  WISCONSIN  RIVKR. 

GENERAL  STATEMENT. 

The  watershed  line  on  each  side  of  the  Wisconsin  Valley  is  between  300  and  400  feet 
alxive  the  main  river,  and  as  the  tributaries  have  to  descend  this  distance  in  a  length 
of  50  or  60  miles  they  have  many  rapids  and  available  powers.     In  the  upper  portion  of 


a  Kept.  Chief  Eng.,  U.  S.  Army,  1881,  p.  1824. 
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their  courses  the  tributaries  flow  over  the  hard  pre-Cambrian  rock,  giving  many  rapids. 
The  lower  valleys,  however,  are  filled  by  continued  erosion,  so  that  with  few  exceptions,  no 
powers  are  found  here. 

The  length  and  drainage  area  of  certain  streams  tributary  to  Wisconsin  River  are  shown 
in  the  following  table: 

Principal  tribtUaries  of  Wiscormn  River. 


River. 


Pelican 

Tomahawk. 
Rib 


Eau  Claire.. 
Eau  Pleine. 

Yellow 

Lemon  weir. 

Baraboo 

Kickapoo . . . 


[jength. 

Drainage 
area. 

Miles. 

Sq.  miles. 

25 

262 

50 

714 

50 

498 

50 

423 

50 

377 

70 

»46 

50 

588 

70 

655 

75 

760 

Only  Kickapoo,  Baraboo,  and  Lemon  weir  rivers  and  their  branches  have  been  as  yet 
fully  or  even  largely  developed,  but  the  present  rapid  settlement  of  this  northern  region 
is  fast  bringing  a  demand  for  the  utilization  of  these  valuable  water-power  resources. 
While  these  powers  are  small  as  compared  with  those  on  the  main  river,  in  the  aggregate 
they  are  large,  and  their  wide  distribution  makes  them  of  still  greater  value.  In  some 
cases,  because  of  the  ease  with  which  they  can  be  developed  and  controlled,  manufactur- 
ers seem  to  prefer  them  to  the  larger  but  more  expensive  powers  on  the  parent  river.  An 
example  of  this  is  seen  in  the  present  power  developments  on  Praise  River. 

ST.  GERMAIN    RIVER. 

Although  but  20  miles  long,  St.  Germain  River  has  at  least  three  good  dam  sites 
located  as  follows:  (1)  SW.  i  sec.  31,  T.  41  N.,  R.  8  E.;  (2)  near  the  outlet  of  Big  St. 
Germain  Lake,  sec.  32,  T.  40  N.,  R.  8  E.;  and  (3)  near  the  northeast  corner  of  sec.  18, 
T.  39  N.,  R.  8  E.  At  the  second  dam  site  a  head  of  20  feet  and  at  the  third  site  a  head 
of  26  feet  are  reported  as  feasible. 

TOMAHAWK   RIVER. 

This  river  rises  in  about  40  lakes  with  elevations  of  from  1,540  to  1,575  feet  above  the 
sea,  the  largest  of  which  is  Tomahawk  Lake,  with  an  area  of  7  square  miles.  The  river 
joins  the  Wisconsin  at  Tomahawk  after  a  course  of  about  50  miles. 

The  dam  in  Wisconsin  River  at  Tomahawk  backs  the  water  in  Tomahawk  River  to 
an  elevation  of  1,442  feet,  so  that  the  remaining  descent  is  about  120  feet,  or  2.4  feet  per 
mile,  nearly  half  of  which  is  concentrated  in  four  rapids.  Only  one  of  these  has  been 
developed  for  power  purposes,  the  dam  being  located  about  2  miles  above  the  mouth  of 
the  river,  where  a  head  of  about  18  feet  is  obtained.  At  present  only  300  horsepower 
are  here  utilized,  in  a  tannery  belonging  to  the  United  States  Leather  Company. 

Eight  miles  above  this  dam,  in  lots  5  and  6,  sec.  21,  T.  36  N.,  R.  6  E.,  are  the  Prairie 
rapids,  with  a  descent  of  20  feet;  10  miles  above,  in  lots  1  and  4,  sec.  17,  T.  37  N.,  R.  6 
E.,  are  the  Halfbreed  rapids,  with  descent  of  8  feet;  and  12  miles  still  farther  upstream, 
in  sec.  27,  T.  38  N.,  R.  5  E.,  are  the  Cedar  rapids,  with  descent  of  12  feet. 

PELICAN    RIVER. 

This  river  rises  in  a  series  of  lakes,  the  lai^est  being  known  by  the  same  name,  at  an 
elevation  of  1,590  feet  above  the  sea.    The  river  flows  west  and  joins  the  Wisconsin  near 
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Hhinelander,  after  descending  about  50  feet  in  it^  length  of  25  miles.    The  following  tftble 
shows  the  location  bi  proinising  dam  sitefe^  none  of  which  are  as  yet  developed: 

Dam-site  locations  on  Pelican  Riv^: 

t*o«slbk* 
bead  (feet). 

Between  lots  4  and  6,  sec.  4,  T.  36  N.,  R.  10  E 6  to  8 

SW.  i  sec.  17,  T.  36  N.,  R.  10  E % 

Between  lots  3  and  4,  sec.  26,  T.  36  N.,  R.  9  E 10 

Between  lot  1,  sec.  21,  and  lot  1,  sec.  22,  T.  36  N.,  R.  9  E 12 

PBAIRIE   RIVER. 

Although  Prairie  River  has  a  drainage  area  of  only  214  square  miles  and  is  without 
lakes  at  its  upper  headwaters,  its  water  powers  are  of  sufficient  importance  to  have  alrmdy 
attracted  capital  for  their  development.  At  the  eastern  limits  of  the  city  of  Merrill  a 
dam  200  feet  long  is  being  rebuilt  so  as  to  give  a  head  of  21  feet.  This  dam  is  owned  by 
the  Prairie  River  Power  and  Boom  Company.  Nine  miles  northeast,  in  sec.  13,  T.  32  N., 
R.  7  E.,  at  a  point  where  the  river  has  worn  a  deep  channel  in  the  rocks,  forming  d&lks, 
a  masonry  dam  to  furnish  a  head  of  72  feet  is  now  being  built  by  the  same  company. 
This  power  will  be  transmitted  electrically  to  the  lower  dam  for  use  in  a  paper  nolD  now 
under  construction. 

iu  sec.  14,  T.  33  N.,  R.  8  E.,  are  smaller  dalles,  where  a  head  of  20  feet  may  be  obtained. 

RIB   RIVER. 

Rib  River  rises  in  two  small  lakes,  the  larger  of  which,  Rib  Lake,  has  an  elevation 
of  about  1,556  feet.  After  a  course  of  about  50  miles,. the  Rib  joins  Wisconsin  River 
a  mile  below  the  city  of  Wausau.  Its  total  descent  is  400  feet,  an  average  of  8  feet  to 
the  mile.  A  considerable  part  of  this  descent  is  concentrated  in  the  middle  third  of  its 
length. 

The  first  power  is  found  at  Marathon,  10  miles  from  its  mouth,  where  a  dam  about  80 
feet  long  develops  a  head  of  18  feet.  About  5  miles  above,  in  the  city  of  Rib  Falls,  a 
dam  100  feet  long  develops  a  head  of  20  feet.  In  sec.  24,  T.  30  N.,  R.  4  E.,  there  is  an 
undeveloped  power  with  a  head  of  18  feet. 

EAU   CLAIRE   RIVER. 

The  Eau  Claire  enters  Wisconsin  River  2  miles  below  the  mouth  of  Rib  River,  and 
from  the  opposite  (eastern)  side.  It  has  a  smaller  drainage  area  than  that  of  the  Rib, 
and  a  much  larger  proportion  of  its  descent  is  distributed  in  its  lower  part. 

A  total  of  148  feet  is  concentrated  at  the  following  points,  given  in  order  from  the  mouth 
of  the  river.o 

Dam-site  locations  on  Eau  Claire  River. 


Location. 

Uead. 

Remarks. 

Schofiold,  soc.  12,  T.  28  N.,  R.  7  E 

Feet. 
12 
25 
25 
22 
40 
12 
12 

Developed  (old  miU  abandoned). 
Developed,  bat  only  part  used. 
Developed  for  logging. 
Undeveloped. 
Do. 

Manser's,  st»c.  10,  T.  28  N.,  R.  8  E 

Old  Kelley,  sec.  13,  T.  28  N.,  R.  8  E.. 

Barnards  rapids,  860.23,  T.  29  N.,  R.9  E 

The  Dalles,  sec.  7,  T.  29  N.,  R.  10  E 

Three  Rolls,  sec.  34,  T.  30  N.,  R.  10  E 

Do. 

Little  rapids,  sec.  22,  T.  30N.,  R.  10  E 

Do. 

The  first  three  powers  are  adjacent  to  the  Chicago  and  Northwestern  Railway,  and  are 
used  chiefly  for  boom  purposes. 


o Authority:  D.  L.  Plummer,  C.  E. 
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ilAH   PLEiNE  ftltEil.- 

This  river  has  a  narrower  and  smaller  drainage  are^  than  either  the  Rib  or  the  Eau 
Claire  and  is  entirely  devoid  of  lakes.  Like  the  latter,  it  has  considerable  descent  con- 
centrated in  its  lower  reaches,  one  power  with  a  15-foot  head  being  located  within  2 
miles  of  its  mouth.    Following  is  a  summary  of  its  powers: 

Dam-site  locations  on  Eau  Pleine  River, 


Location. 


Sec.  18,  T.  26  N.,  R.  6  E 15    I  Undeveloped 


Sec.24,  T.26N.,  R.  6E. 
Sec.  13,  T.  27N.,  R.  3E. 
Sec.  4,  T.27N.,R.  3E.. 
Sec.24,  T.28N.,  R.2E. 


Head. 


Feet. 


Remarks. 


15             Do. 
15             Do. 
10±|  Developed. 
10±' 


BLACK  RIVER. 


TOPOGRAPHY  AND  DRAINAGE. 


Black  River,  hemmed  in  by  the  Chippewa  on  the  west  and  the  Wisconsin  on  the  east,  is 
restricted  to  a  long  and  narrow  watershed  of  about  2,270  square  miles,  o  with  an  average 
width  .of  only  20  miles.  At  one  point  the  branches  of  Chippewa  River  extend  to  within  a 
quarter  of  a  mile  of  Black  River.  Unlike  that  of  the  Chippewa,  about  a  third  of  the  Black 
River  drainage  area  is  in  the  comparatively  level  sandstone  region,  so  that  the  maximum 
watershed  available  for  water  powers,  namely,  at  Black  River  Falls,  is  only  1,570  square 
miles.a  The  watershed  narrows  rapidly  as  the  river  is  ascended,  and  at  Neillsville,  22 
miles  in  an  air  line  from  Black  River  Falls,  the  drainage  area  is  reduced  to  only  729  square 
miles,  a  Were  it  not  for  this  small  watershed,  the  steep  gradient  of  the  river  and  its  high, 
rocky  banks  would  insure  large  water  jx)wers.  Black  River  rises  at  an  elevation  of  about 
1,400  feet  above  sea  level,  and  after  a  sinuous  course  of  over  140  miles  joins  Mississippi 
River  at  La  Crosse.  The  total  descent  in  this  distance  is  772  feet,  with  details  as  shown  in 
the  following  table: 

Profile  of  EUick  River  from  its  mouth  near  La  Crosse  to  nexir  Withee.b 


La  Crosse  (near) 

Black  River  Falls: 

Below  dam | 

Above  dam 

Chicago,  St.  Paul,  Minneapolis  and  Omaha  Rail- 
road bridge 

Halls  Creek,  mouth  of. . 

Halcyon 

Hatfield  railroad  bridge 

East  Forks,  mouth  of. . 

Dells  dam,  below 


55.0 

55.0 

5,5.0 

.0 

58.0 

3.0 

61.6 

3.6 

67.0 

5.4 

71.2 

4.2 

74.2 

3.0 

77.5 

3.3 

749 
763 

766 
776 
793 
838 
846 
874 


Descent   be- 
tween points. 


Total. 


Per 
mile. 


Feet.       Feel. 


121 
14 

3 
10 
17 
45 

8 
28 


1.0 
2.8 
3.1 
10.4 
2.7 
8.5 


a  Census  report,  vol.  17,  1880,  p.  87. 

b  Authority:  No.  1  (low-water  elevation),  Mississippi  River  Commission;  2  to  22,  Joint  Survey  of 
Wis.  Oeol.  and  Nat.  Hist.  Survey  and  United  States  Geological  Survey. 
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Profile  of  Black  Riverfront  its  mouth  near  La  Crosse  to  near  Withet—CkmlmMed. 


No. 


Station. 


Wedges  Creek,  mouth  of 

Cunningham  Creek,  mouth  of 

Center  sec.  22,  T.  24  N.,  R.  2  W 

O'Neill  Creek,  Neillavillc 

Bridge,  sees.  9  and  IG,  T.  25  N.  R.  2  W 

Bridge,  sees.  21  and  28.  T.  27  N.,  R.  2  W 

Bridge,  Fairehild  and  Northoftstern  Rwy 

Site  New  0 reenwood  dam 

Between  sees.  27  and  28,  T.  27  N.,  R.  2  W 

Hemlock  dam,  GOO  feet  l)elow 

Hemlock  dam,  above 

Bridge,  sees.  20  and  29,  T.  29  N.,  R.  2  W 

Bridge,  Wisconsin  ('entral  Rwy.,  west  of  Withee. 


Distance. 

Eleva- 
tion 

Descnt  be- 
tween points. 

From 
mouth. 

Between 
points. 

above 
»ea  levrl. 



Total. 

Per 
mile. 

Miles. 

MiUi. 

Feet. 

Feet. 

Feci. 

78.5 

1.0 

.93 

19 

19.0 

84.8 

6.3 

909 

16 

2.5 

86.8 

2.0 

929 

20 

lao 

0.8 

4.0 

989 

60 

lo.O 

98.8 

8.0 

1.034 

45 

5.6 

103.5 

4.7 

1,070 

36 

7.9 

107.8 

4.3 

1,094 

24 

0.6 

109.3 

1.5 

1,105 

11 

7.3 

110.3 

1.0 

1,107 

2 

2.0 

113.5 

3.2 

1,132 

25 

8.0 

113.6 

.1 

1,151 

19 

119.6 

6.0 

1,167 

16 

9  7 

126.1 

5.5 

1,187 

20 

'         3.6 

In  the  5.5  miles  l)olow  the  city  of  Black  River  Falls  the  river  flows  through  the  sandstone 
country  in  a  wide  valley  with  low  hanks,  making  dam  construction  very  expensive,  if  not 
entirely  impracticahle.  In  the  40  miles  next  above  31ack  River  Falls  the  river  has  worn 
its  l>ed  into  the  hard,  crystalline  rocks,  which  rise  from  10  to  60  feet  or  more  from  the  water, 
frequently  in  nearly  vertical  walls.  The  descent  in  this  distance  is  337  feet,  nearly  9  feel  to 
the  mile.  It  is  only  in  this  stretch  that  important  water  powers  occur.  In  the  upper  third 
of  the  valley  the  crystalline  rocks  frequently  outcrop,  but  the  resulting  rapids  are  of  less 
importance.  The  United  States  Geological  Survey  maintained  a  gaging  station  on  Black 
River  at  Melrose  for  nine  months  in  1903,  but  as  the  station  proved  unsatisfactory  it  was 
abandoned  August  1,  1903.  Such  measurements  and  observations  as  were  taken  are  given 
below : 

Dvichnrge  measurements  of  Black  River  near  Melrose j  Wis.^  in  1903. 


Date. 


'  Ilydrographer. 


January  15 |  L.  R.  Stockman . 

Februar>'  7 do 

April  4 do 

May  i t do 

June  13 1 do 


.eiXt.     Dlsch.:^. 


heigl 


Feel. 
4.30 
4.30 
5.90 
11.00 
3.90 


Second-feet. 
aSSB 
aSCB 

2,9S2 
10.931 

842 


a  Frozen. 
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Mean  daily  gage  height  ^  in  feet,  of  Black  Ritvr  near  Melrose,  Wis.,  December  4, 1902,  to  August 

1,  190S. 


Day. 


I. 

2. 

3. 

4. 

5. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15., 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


1902. 
Doc. 


Jan.        Fob. 


Mar. 


1903. 
Apr.    I   May.   '  June.      July. 


3.75 
3.95 
4.00 
3.80 
4.35 
4.35 
4.30 
4.35 
4.20 
4.20 
4.10 
4.15 
4.10 
4.00 
4.00 
4.05 
4.25 
4.60 
4.95 
5.80 
6.05 
5.85 
5.80 
5.65 
5..% 
5.a5 
5.20 


5.a5 

5.00 

4.90 

4.75 

4.60 

4.60 

4.50 

4.50 

(°) 

4.40 

4.40 

4.40 

4.40 

4.40 

(°) 

4.30 

4.30 

4.30 

4.30 

4.20 

4.20 

4.20 

4.20 

4.20 

4.20 

4.20 

4.20 

4.20 

4.20 

4.20 

4.10 


I 


4.10  4.30 
4.10  4.35 
4.10  4.40 
4.10  4.45 
4.10  4.60 
4.20         4.75 

4.20  (T>) 

4.20  6.25 

4.20  8.20 

4.20  9.30 

4.30  9.70 

4.25  '  10.75 

4.20  12.05 

4.20  12.55 

4.20  11.55 

4.10  9.85 

4.15  9.40 

4.00  ;  10. a5 

3.95  '  11.95 

3.90  13.40 

3.90  12.90 

4.00  11.40 

4.00  9.&5 

4.00  8.a5 

4.05  7.65 

4.10  6.65 

4.20  6.02 

4.35  I  6.55 

5.70 

6.55 

5.30 


o  Obsorvor  ab«t»nt. 


5.10 

4.85 

5.30 

5.65  j 

5.90 

6.50 

6.65 

6.50 

6.20 

5.50 

5.60 

5.4.'i 

5.60 

5.95 

5.a5  ' 

6.a5  I 

5.60  I 

5.00 

5.15 

4.50 

4.65 

4.30 

4.30 

4.^ 

4.65 

.85  ' 
5.00 
5.65 
6.80 


11.00 
10.00 
10.25 
10.50  , 
9.65 
9.05 
8.15 
7.00 
6.95 
6t55 
6.10 

6.65 : 


7.60 


6.00 
4.70 
4.40 
4.30 
4.25 
4.00 
4.00 
3.95 


10.60 

3.95 

12.00 

3.80 

10.90 

3.80 

9.15 

3.80 

7.80 

3.70 

6.55 

3.70 

6.50 

3.70 

6.40 

3.70 

6.30 

3.70 

5.90 

3.70 

0.50 

3.70 

5.70 

3.60 

5.80 

3.60 

5.95 

3.50 

8.40 

3.50 

11.8i 

3.50 

12.60 

3.50 

10.95 

3.50 

9.50 

Aug. 


3.60  *  3.75 

6.70    

11.20    

10.90    

13.00    

12.30    

10.20    

7.90    

0.90    

7.40  I 

8.70  ' 

7.20  I 

6.70    

6.20    

5.80    

5.30    

4.50    

4.20    

4.10    

4.00    

4.00    

4.00    

3.90    

3.90    

3.90    

3.75    

3.90  I 

4.20    

4.00    

3.80    

3.75    


A  gaging  station  was  established  by  the  United  States  Geological  Survey  at  Neillsville 
April  7,  1905,  and  the  following  data  have  been  collected: 

Discharge  measurements  of  Black  River  at  NeiMsviUe,  Wis.,  in  1906. 


Date. 


April  7.. 
May  24.. 
June  13. 


Hydrographer. 


HannaandClapp. 

S.  K.  Clapp 

M.  S.  Brennon 


July  11 1 do. 

August  11 

September  25., 


do 

F.  W.  Ilanna. 


I  Width, 

Feet. 
192 
165 
192 
161 
151 
163 


A  roa  of 
•   section. 


Offuurt 

feet. 


1,021  ' 
471 
94.5 
392 
242  I 
419  I 


Mean 
velocity. 

Gage 
height. 

Feet. 

Dis- 
charge. 

Feet  per 
second. 

Second 
feet. 

3.  5 

7.7 

3,279 

2.18 

4.95 

1,024 

3.15 

7.26 

2,978 

1.56 

4.25 

612 

.93 

3.3 

225 

1.86 

4.35 

780 

Note.—  Width  is  the  actual  width  of  water  surface,  not  including  piers.    A  rea  of  section  Is  the  total 
area  of  the  measured  section,  including  both  moving  and  still  water. 
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Mean  daily  gage  height ^  infeei^  of  Black  River  at  NeUl^viUe,  Wis. ^  for  1905. 
Day.  ;    Apr.      May.      June.      July,  i   Aug.      Sept.  '    Oct.       Nov. 


2 

3. 

4 

6 

6 

87 

7 

7.7 

8...    . 

6.9 

9 

6.2 

10 

6.0 

11 

5.7 

12 

5.5 

13 

6.1 

14 

4.8 

15 

4.6 

16 

4.3 

17 

3.9 

18 

a8 

19 

4.2 

20 

a9 

21 

3.2 

22 

3.1 

23 

ai 

24 

3.5 

25 

3.4 

26... 

3.4 

27 

34 

28 

3.4 

29 

34 

30 

3.4 

31 

3.4   ; 

a4 

4.1 
5.3 
5.2 
4.9 
5.0 
4.6 

4.6  , 
5.9 
6.6 
6.7 
6.2 

la? 

10.1 
9.2 
8.7 
8.2 
6.6 
6.0 
5.3 
5.1 
4.9  I 

4.7  ' 
4.3 
4.2 
4.1 
3.9 

a9 

a8  ■ 

3.8  ' 


3.7 
3.3 
3.2 
7.7 
14.2 
19.8 
16.5 
11.5 

a8 

7.6 
8.6 
&0 
7.1 
6.2 
5.5 
5.8 
11.2 
10.7 
&6 
7.0 
6.0 
5.2 
4.5 
4.1 
3.9 
3,7 
3.5 
3.3 
3.3 

a5 


4.4 
4.4 

4.9 
6.5 

a4 

8.0 
6.8 
5.9 
5.3 
4.7 
4.2 

a8 

3.9 
4.0 
4.8 
4.5 
4.0 

a8 

4.2 
4.3 
4.0 
3.8 
3.3 
3.1 
3.1 
3.0 
2,9 
2.9 
2.8 
2.8 
2.7 


2.7 
2.6 
2.6 
2.6 
2.9 
2,7 
4.2 
4.0 
4.0 
3.5 
3.3 
3.3 
3.3 
3.3 
3.2 
3.0 
2.9 
3.0 
3.0 
3.0 

a2 

3.5 
3.4 
3.6 
3.4 
3.3 
3.2 
3.0 
3.4 
3.5 
3.3 


3.3 
3.2 
3.5 
3.4 
a6 

a2  I 
,ai' 

3.0 
2.9 
2.8 
2.7 
2.8 
2.7 

2.7  ' 

I 
4.3  t 

6.0 

&0 

ai 

8.6 

8.3 

I 
7.5  1 

6.3 

5.8 

4.7 

4.2 

3.9 

3.8 

a7 

3.6 
3.8 


3.5 

3.5  I 
Z.A 
3.4 
3.0 
3.0 

ai  I 

2,7  I 

2.4 

3.1 

3.0 

3.0 

ao 
ao  ' 

4.0 
4.9 
5.4 
5.5 
5.6 

6.6  I 
6.9  I 
6.5 
5.9 
^5 
5.0  I 
4.6 
4.4 
4.1 

a9! 
a7 

3.6    . 


3.7 

as 
as 
as 
as 
a7 

4.1 

4.1| 

a9 
■  as 
a7: 
a7 
ae  I 
as 
a4 
a4 

a  4  I 

a4 

a3 

a2 

a2  ! 

a2 

as 

4.2  1 
4.6 
4.5 
4.3 

ao, 
a7 


4-0 
4.2 

as 
a; 
as 
as 
as 
a4 

13 

a4 

14 
15 
14 
14 
15 
14 
13 
10 
10 
13 
11 
11 
13 
15 
15 
IS 
14 
14 
14 
15 

as 


Note.— No  ice  record  at  this  station 
Rating  table  for  Black  River  at 


Oage 
height. 

Discharge. 

Fret. 

Second-feet. 

aoo 

150 

a  10 

177 

a20 

205 

a3o 

235 

a4o 

267 

aso 

301 

a  60 

338 

a  70 

379 

180 

424 

a  90 

473 

4.00 

525 

4.10 

579 

4.20 

635 

4.30 

602 

4.40 

750 

4.50 

810 

4.60 

870 

4.70 

930 

Gage 
height. 


NeUhviUe,  Wv^.yfrom  April  6  to  December  ^ 


Feet. 
4.80 
4.90 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 
5.60 
5.70 
5.80 
5.90 
6.00 
6.10 
6.20 
6.30 
6.40 
6.50 


Discharge. 

Second-feet 
990 
1,055 
I  1;120 

I  1,185 

1,250 
1,315 
1,385 
1,455 
1,525 
1,600 
1,675 
1,750 
1,825 
1,905 
1,985 
2,065 
2,145 
2,225 


heiSTt.  ;^*««^n?e.      h?,? 


31,  1905. 
;^t      Discharge.! 


Feet, 
&40 
&50 

aeo 
a70 
asD 
a90 

9.00 
9.10 
9.20 
9.30 


Second-feet^ 

I  4,120 

I  4,230 

I  4,340 

4,460 

4,580 

4.700 

4,820 

4,940 

5,060 

5.180 


9.40 

5,300 

9.50 

5,420 

9.60 

5,540 

9.70 

5.660 

9.80 

6,780 

9.90 

5,900 

laoo 

6,020 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  six  dlscharae  measure 
monta  made  ^during  1905.  It  is  weU  defined  between  gage  heights  3 J  teet  and  7.7  feet.  Beyond  the 
limits  of  the  table  the  discharge  is  only  approximate.  ^.^^^^^  by  VjUUV  VC 
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EsHmaUd  monthly  discharge  of  Black  River  at  NeiUsvUUf  Wis. ,  for  J 906. 


Month. 


I        Discharge  in  second-feet. 
Maximum. '  Minimum. 


_l  . 


April  (6-30) I  3,900 

May I  6,910 

June ;.J  23,060 

July 4,120 

August 636 

September |  4, 340 

October I  2.670 

November '  870 

December '  635 


um. 

Mean. 

177 

1,036 

267 

1,768 

205 

3.840 

80 

884 

60 

229 

80 

918 

20 

750 

205 

392 

150 

292 

WATER  POWERS. 

It  is  many  years  since  Black  River  was  used  for  lumbering,  and  as  the  surrounding  country 
is  well  settled,  it  seems  likely  that  the  near  future  will  see  a  demand  for  the  available  water 
powers.  These  powers,  while  not  of  the  largest,  are  so.  situated  as  to  be  cheaply  developed. 
The  river  has  no  large  tributaries,  but  nearly  all  its  numerous  small  feeders  are  now  developed 
and  used  to  run  grist  and  saw  mills.  At  the  present  time  several  projects  are  being  exploited 
which  look  to  the  employment  of  these  powers  by  interurban  electric  railroads  and  other 
enterprises  in  near-by  cities. 

BLACK   RIVER   FALLS. 

The  first  dam  in  the  river  is  at  Black  River  Falls  and  is  of  timber  construction.  The 
power  developed  is  owned  by  the  city  of  Black  River  Falls,  with  turbines  working  under  a 
head  of  13  feet,  and  by  J.  J.  McGillivray,  with  turbines  under  a  head  of  16  feet.  The  present 
tailrace  could  be  lowered  3  or  4  feet,  and  the  crest  of  the  dam  could  be  raised  the  same 
amount  without  flooding.  This  improvement  would  give  a  total  head  of  20  feet.  The 
turbines  now  installed  develop  about  345  horse]x>wer,  which  is  used  to  run  an  electric-light 
plant,  a  sash  and  door  mill,  a  wagon  shop,  and  a  gristmill. 

About  IJ  miles  below  the  above-described  dam  is  the  site  of  an  old  sawmill  dam,  300  feet 
long,  which  at  one  time  was  made  to  develop  a  head  of  7  feet. 

BLACK   RIVER   FALLS  TO  NEILLSVILLB. 

Because  of  the  high,  rocky  banks  and  high  gradient  of  this  river,  dams  of  15  to  20  feet 
head  could  be  installed  nearly  every  2  or  3  miles  between  Black  River  FaUs  and  Neillsville, 
but  only  a  few  of  the  largest  undeveloped  powers  will  be  described. 

The  first  dam  site  above  Black  River  FaUs  is  located  near  the  east  line  of  sec.  2,  T.  21  N., 
R.  4  W.,  just  below  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Railway  bridge.  At 
this  point  the  rocky  banks  form  a  narrow  gorge  and  are  high  enough  to  fumbh  a  head  of  30 
feet  or  more.  By  the  use  of  a  short  canal  this  head  could  probably  be  increased.  This  site 
belongs  to  the  Black  River  Improvement  Company,  of  La  Crosse,  Wis.  Another  unde- 
veloped power,  similar  in  all  respects,  for  which  a  charter  has  been  granted,  is  at  Halcyon,  in 
sec.  16,  T.  22  N.,  R.  3  W.  A  30-foot  dam  here  would  back  the  water  nearly  to  Hatfield,  3 
miles  above.  A  still  more  important  dam  site  is  located  at  Hatfield,  just  above  the  bridge 
of  the  Green  Bay  and  Western  Railroad.  According  to  surveys  made  recently  it  is 
possible  to  obtain  here  a  head  of  50  feet,  which  could  be  increased  to  about  85  feet  by  means 
of  a  long  canal.  Such  a  dam  would  create  a  large  pondage  by  backing  up  the  water  for  7 
miles.  This  would  cover  up  dam  sites  in  sec.  35,  T.  23  N.,  R.  3  W.,  and  also  the  "Dells 
dam  "  in  sec.  18,  T.  23  N.,  R.  2  W.,  near  the  mouth  of  Wedges  Creek.  At  the  latter  site  a 
head  of  25  feet  could  be  easily  secured. 
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In  the  6  miles  below  Neillsville,  l)etween  the  mouths  of  O'Neill  and  Oiinningham  creeks, 
the  river  descends  80  feet,  42  feet  of  which  can  be  easily  developed  at  Robs  Eddy  rapids, 
where  a  large  part  of  this  gradient  is  concentrated.  It  has  been  propKxsed  to  build  a  crib 
dam  250  feet  long,  with  a  crest  of  18  feet,  at  the  head  of  these  rapids,  and  then  conduct  the 
water  through  a  canal  95  rods  long  (in  earth),  thereby  cutting  oflf  a  long  bend  of  the  river 
and  giving  a  total  fall  of  42  feet.o  The  outlet  of  such  a  canal  would  provide  a  favorable 
power  site,  free  from  any  injury  from  ice  jams. 

NEILLSVILLE. 

The  last  important  undeveloped  water  power,  known  as  Westons  Rapids  and  owned  by 
V.  Huntzicker,  of  Neillsville,  Wis.,  is  located  in  sec.  2,  T.  24  N.,  R.  2  W.,  about  IJ  miles 
above  Neillsville.  From  the  head  of  these  rapids  near  the  north  line  of  the  NW.  J  sec.  2,  to 
the  south  line  of  same  section,  a  distance  of  about  a  mile,  the  river  descends  21.2  feet,  o 
The  owner  proposes  to  locate  a  crib  dam  250  feet  long,  with  a  crest  of  18  feet,  near  the  center 
of  the  section,  and  by  making  use  of  a  canal  in  earth  600  feet  long  to  obtain  a  head  of  24 
feet.  A  franchise  has  recently  been  obtained  from  the  city  of  Neillsville  for  the  employ- 
ment of  this  power  in  lighting  the  city  and  for  other  purposes. 

HEMLOCK   DAM. 

The  most  important  developed  power  on  the  upper  river  is  in  sec.  15,  T.  27  N.,  R.  2  W. 
This  dam,  called  the  Hemlock  dam,  has  a  head  which  averages  12  feet.  Four  turbines  are 
installed  here,  with  a  total  of  175  horsepower,  used  to  run  a  roUer  flouring  mill.  The  dam 
was  originally  erected  for  lumbering  purposes. 

Becau.se  of  the  unusually  steep  gradient  in  the  branches  of  Black  River  a  water  power  of 
from  10  to  20  feet  can  be  located  at  frequent  intervals  on  these  streams.  Several  of  the 
many  mills  in  such  locations  report  an  available  head  of  from  35  to  40  feet.  In  nearly  every 
CA.se  timber  and  roc'k  are  found  ne^r  the  dam  sites. 

RAILROADS. 

Tliat  portion  of  Black  River  containing  the  important  powers  is  fairly  well  served  by 
railroads.  The  river  is  crossed  by  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Railway 
four  times,  and  once  each  by  the  Wisconsin  Central  Railway  and  the  Green  Bay  and  West- 
ern Railroad. 

CHIPPEWA  RIVER  SYSTEM. 

TOPOGRAPHY  AND  DRAINAGE. 

The  Chippewa  drainage  system  has  its  source  in  over  a  hundred  lakes,  large  and  small, 
with  many  connecting  swamps,  near  the  Michigan  boundary  and  only  20  miles  from  Lake 
Superior.  The  drainage  area  has  a  length  of  180  miles,  a  maximum  width  of  90  miles, 
and  an  average  width  of  nearly  60  miles.  The  general  direction  of  the  drainage,  except  in 
the  extreme  western  part,  is  toward  the  southwest.  Chippewa  River  unites  with  the 
Mississippi  at  the  foot  of  Lake  Pepin,  after  a  course  of  267  miles.  The  total  area  drained 
by  the  river  is  9,573  square  miles,  of  which  about  6,000  include  the  most  unsettled  region 
of  northern  Wisconsin.  This  area  includes  the  richest  forests  of  the  State,  of  both  soft  and 
hard  timber.  Although  lumbering  operations  have  been  very  active  here  for  many  years, 
considerable  pine  timber  still  remains,  chiefly  at  the  upper  headwaters,  but  it  is  fast  disap- 
pearing. Most  of  the  large  tracts  of  pine  lands  are  owned  by  large  corporations,  and  many 
of  them  are  reached  by  long  lines  of  logging  railroads,  which  in  many  cases  have  been 
purchased  by  the  trunk-line  railroads  and  made  a  part  of  their  systems.  The  extensive 
use  of  such  raih-oads  has  greatly  relieved  the  rivers  of  the  burden  of  transporting  logs,  and 
correspondingly  added  to  the  value  of  the  rivers  for  water-power  purposes. 

The  main  line  of  drainage  runs  very  nearly  along  the  central  line  of  the  basin,  but  Ujc 
name  of  Chippewa  River  is  not  given  to  this  continuation  of  the  principal  stream.    The 


a  Authority:  C.  Stock  well,  county  eurveyor. 
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river  divides  1 12  miles  from  the  mouth ;  one  branch,  the  prolongation  of  the  line  of  drainage., 
called  the  Flambeau,  rises  in  the  lakes  near  the  Michigan  line,  at  an  elevation  of  a  little  over 
1,600  feet  above  the  sea;  the  other  branch,  rising  farther  west  and  flowing  more  directly 
south,  receives  the  name  Chippewa.  The  Flambeau  drains  1,983  square  miles,  while 
Chippewa  River,  above  their  junction,  drains  only  1,777  square  miles.  About  56  miles 
above  this  junction  the  Chippewa  again  divides  into  East  and  West  branches,  the  one  flowing 
from  the  northeast,  the  other  from  the  north,  draining,  respectively,  278  and  480  square 
miles. 

The  lakes  of  this  region  are  situated  in  two  widely  separated  groups,  one  in  the  extreme 
northeastern  part,  at  the  headwaters  of  Flaml)eau  River,  and  the  other  in  the  northwestern 
part,  at  the  headwat^'rs  of  what  is  known  as  the  main  stream  and  of  Red  Cedar  River. 
The  remainder  of  the  area  is  almost  devoid  of  lakes.  The  wooded  regions,  however, 
include  very  large  areas  of  cedar  and  tamarack  swamps. 

GEOLOGY. 

The  pre-Cambrian  crystalline  rocks  form  the  underl3nng  strata  in  the  area  above  Chippewa 
Falls,  while  below  that  point  they  are  replaced  by  the  Cambrian  sandstone.  The  entire 
area  above  Chippewa  Falls  is  covered  with  glacial  drift,  so  that  the  rock  appears  only  in 
the  river  bed.  The  country  is  level  or  rolling.  In  the  southern  part  of  the  area  the  rivers 
have  eroded  deeply  into  the  drift  and  rock,  but  in  the  northern  portion  they  have  not  cut 
much  below  the  surface. 

With  only  a  few  exceptions  (the  mo.st  notable  one  at  Eau  Claire)  all  the  many  and 
important  water  powers  on  Chippewa  River  are  found  in  the  region  of  the  pre-Cambrian 
crystalline  rocks,  but  because  of  the  deep  drift  the  powers  on  the  upper  streams  occur  as 
bowlder  rapids. 

PROPOSED  RESERVOIR  SITES. 

According  to  detailed  surveys  made  by  United  States  engineers,  this  drainage  area  ia 
favored  with  an  unusual  numl)er  of  excellent  sitt«  for  reservoirs.  A  list  of  these  sites,  with 
valuable  data  concerning  them,  is  given  in  the  following  table: 

Proposed  United  States  Government  dams  on  Chippeuxi  Rh^r.  a 


Location  and  name. 


East  Branch  Chippewa  Rlvor: 

Bear  Lake 

Little  Chief  Lake 

West  Branch  Chippewa  River: 

Hoose  Lake 

Pakwawang  Lake 

Court  Oreliles 

Chippewa  River,  Paint  Creek 

Total 

Butternut  Creek,  Butternut  Lake., 

Manitouish  River,  Rest  Lake 

North  Fork  FIaml)eau,  Bear  Creek. 
Dore  Flambeau: 

Round  Lake 

Squaw  Lake 

Turtle  River,  Park  Lake 

Grand  total 


Length. 

Dam. 

Dike. 

Fert. 

Feet. 

1.015 

200 

710 

1,2.15 

\m 

900 
2fiO 

100 

620 

Maximum  height. 


1  aoove 
water. 

Dike. 

Veet. 

Feet. 

19.5 

8.5 

24.0 

2.5.7 

1.5 

2.5.5 

22.0 


5.0 


4.740  . 
33(t 
2,50 

2,500 

170 
2.50 
297 


75 
2,000 


I 


10.0 
15.0 
15.0 

10.0  ' 
9.0 
15.0 


2.5  I 
10.5  1 


10.0 


Drainage 
area  above 
resorvolr. 


Sq.  miles. 
244.5 
57.6 

214.3 

257.2 

114.0 

3,943.1 

4,830.7 

40.0 

211.6 

154.5 

63.0 
39.0 
174.0 


2, 7S.5 


5,612.8 


o  Rept.  Chief  Kng.  U.  S.  Army,  1880,  p.  1648. 
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Proposed  United  States  Gm^rnment  dams  on  Chijypewa  River — Continued. 


Location  and  name. 


Supply  (one- 
thfrd  of  30 
inches  rain- 
fall). 


Capacity  of 
reservoir. 


East  Branch  Chippewa  River:       I      Cubic  feet. 

Bear  Lake 5,677,951,910 

Little  Chief  Lake 1.337,627,935 

West  Branch  Chippewa  River: 

Moose  Lake 4.976,626,153 

Pakwawang  Lake 5,972,880.292 

Court  Orellles. 2,647.388,621 

Chippewa  River,  Paint  Creek 91,569,456,760 


Cvhicfeet. 
1,113,148.856 
771,332,009 

2.-01,783,402 

7.692,997.229 

2,647,388,621 

505,336,720 


Total 112,181,931.671      14,751.986,837 


Butternut  Creek,  Butternut  Lake 

Manitoulsh  River,  Rest  Lake 

North  Fork  Flaml)eau,  Bear  Creek 
Dorp  Flambeau: 

Round  Lake 

Squaw  Lake 

Turtle  River,  Park  Lake 


928.908.288 
4.897,100,264 
3,107,280,000 

1,382.304,000  ' 
864,230,400  I 
4,026,198.428 


585,446,400 
1,840,000,000 
5,406,567,152 

1,303, 086, 41& 
731,808,000 
620,782,720 


Surplus  over    ,5,"PPS^ 
P^'^^y-         I  90  days. 


Cubic  feet,     j  Sec.'feet. 
4.564,803,054  \        143.1 


566,295,926 


1,234,725.814 


91,064,120,040 


97.429,944,834 
343,461,888 

757,813,112 


79,267,584 

132,422.400 

3,405,415.708 


99.2 

26ao 

989.3 
340.4 
65.0 


Cost  of 

dam  and 

dike. 


«25,92S 
40,702 

45,090 
06,410 
2,402 
00,000 


1,897.0 

75.3 

236.6 

095.3 

167.6 
94.1 
79.8 


240,658 
5,216 
7,665 
47,500 

10.550 
4,000 
9,941 


Grand  total 127,387,953,051     25,239,627,525    102,148.325,526  ,    3,245.7         325.530 


It  will  be  seen  from  the  above  table  that  the  systematic  operation  of  these  proposed 
reservoirs  for  this  purpo.se  would  increase  the  ordinary  low-water  flow  of  the  river  by  3.245 
second-feet  for  ninety  days  a  year,  thus  about  doubling  the  present  available  water  power 
of  the  river.  Estimated  upon  a  run-off  of  one-fourth  of  the  annual  rainfall,  assumed  at 
30  inches,  this  increase  would  be  2,800  second-feet  for  ninety  days. 

Experiments  now  being  carried  on  by  the  Government  in  Minnesota  on  five  similariy 
constructed  dams  will  doubtless  determine  whether  the  reservoir  system  at  the  headwaters 
of  the  Mississippi  will  he  extended  to  include  any  of  the  above  proposed  dams.  Probably 
the  main  obstacle  to  building  such  reservoirs  at  the  present  time  by  the  Government  is  the 
fact  that,  owing  to  the  settling  up  of  this  region,  the  land  has  now  become  very  valuable. 
The  total  cost  would  seem  to  be  prohibitive.  That  the  owners  of  water  powers  are  in 
favor  of  such  Governmental  control  is  certain.  Besides  adding  to  the  amount  of  power, 
such  a  system  would  prevent,  in  large  measure,  the  danger  to  dams  by  floods.  The  building 
of  even  a  part  of  these  dams  would  have  marked  economic  value.  Already  private  enter- 
prise has  developed  some  of  the  smaller  of  these  reservoirs. 

RAILROADS. 

The  logging  interests  of  the  river  are  controlled  by  the  Chippewa  Falls  Lumber  and 
Boom  Company,  with  headquarters  at  Chippewa  Falb,  a  thriving  city  of  about  104X)0 
population.  The  largest  city  of  this  region  is  Eau  Claire,  population  17,517,  situated  at 
the  junction  of  Eau  Claire  and  Chippewa  rivers.  This  city  has  numerous  manufactories 
and  sawmills,  and  is  quite  a  railroad  center.  From  its  mouth  to  Chippewa  Falls,  Chippewa 
River  is  paralleled  by  the  Chicago,  Milwaukee  and  St.  Paul  Railway,  and  between  Elau 
Claire  and  Chippewa  Falls  by  the  Chicago.  St.  Paul,  Minneapolis  and  Omaha  and  the 
Wisconsin  Central  railways,  besides  an  electric  line.  Chippewa  River,  above  Chippewa 
Falls,  is  reached  by  the  Chicago,  St.  Paul,  MinneafKilis  and  Omaha  Railway  for  a  Jistance 
of  al)out  25  miles.  In  addition,  the  drainage  area  is  crossed  east  and  west  by  the  Minne- 
apolis, St.  Paul  and  Sault  Ste.  Marie  Railway  and  north  and  south  by  the  Wisconsin  Central 
Railway. 

Several  railroad  lines  are  projected  or  being  built  in  this  section,  and  the  agricultural 
and  manufacturing  interests  are  fast  supplanting  that  of  lumber.     Where  the  timber  has 
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been  cut  the  land  Is  being  taken  up  by  settlers,  so  that  there  is  but  little  second-growth 
timber.  The  people  seem  prosperous,  and  numerous  companies  are  on  the  point  of  investing 
large  sums  in  the  manufacturing  interests  of  the  neighborhood,  thereby  utilizing  the 
undeveloped  water  powers. 

liAlNPALL.  AND  RUN-OFF. 

The  extensive  forests  of  this  area  combine  with  the  numerous  lakes  and  swamps  to  give 
a  naturally  uniform  flow  by  preventing  the  rapid  escape  of  the  rainfall  into  the  streams. 
Since  1903  the  United  States  Geological  Survey  has  maintained  gaging  stations  near 
£au  Claire,  on  Chippewa  River,  and  at  Ladysmith,  on  the  Flambeau.  As  a  result  of  the 
operation  of  logging  dams,  the  minimum  discharge  is  found  to  be  only  1.6  per  cent  of  its 
maximum  discharge  for  the  year.  The  following  tables  give  discharge  data  of  Chippewa 
River  at  Eiau  Claire,  covering  the  period  from  November  14,  1902,  to  August  12,1905, 
and  also  a  monthly  summary  of  the  same. 

Discharge  measurements  of  Chippewa  River  at  highway  bridge,  Shawtovm,  near  Eau  Claire^ 

Wis..  1902  to  1906. 


Date. 


Hydrographer. 


1902. 

November  13 '  L.  R.  Stockman . 

December  6 do 

December  28 do 


1903. 

January  17 L.  R.  Stockman.! 

February  10 do , 


March  9 do 

April  6 do 

May  5 do 

June  15 do 

July  10 ' do 

August  20 1 do 

Septembers do 

October  13 do 

November  24 1 do 

1904.  I 

January  llo E.  Johnson, jr 


May  14 

May  24 

JuneT , 

July  13 

August  28 

September  19 | do 

October  12 F.W.Hanna. 

October  13 1 do 

November  29 E.  Johnson  Jr 


....do 

Johnson  and  Ilanna. 

E.  Johnson  Jr 

....do 

....do 


1905. 


May22 S.K.Clapp.... 

June  14 1  M.  S.  Brennan. 


July  12.... 
August  12. 


.do. 


Width 


Feet. 


Area  of  I    Mean     '   Gage       Dis- 
section. I  velocity,  height,  charge. 


Square     Feet  per 
feet.        second. 


310 
385 
370 
426 
354 
322 
329 
495 
457 
324 


200 
427 
355 
335 


3,666 
2,809 
2,793 


2,509 
2,315 
2,877 


5,726 
3,105 
4,761 
2,372 
3,626 
4,637 
2,281 

2,429 
4,272 
4,074 
5,815 
3,770 
2,766 
3,122 
7,118 
6,137 
2,847 

4,004 
5,131 
3,585 
3,062 


3.88 
1.03 
1.09 


.79 
.77 
1.32 


4.62 
1.64 
3.61 
1.83 
2.21 
3.25 
1.54 


3.42 
3.10 
4.52 
2.10 

.82 
1.47 
5.43 
4.76 

.80 


3.66 
3.83 
2.09 
1.29 


Feet. 
8.70 
4.45 
4.60 

4.15 
3.80 
4.85 
7.40 
U.S5 
4.70 
9.25 
5.13 
6.20 
8.77 
4.90 

3.80 
8.40 
7.60 
11.25 
6.55 
4.20 
5.25 
14.80 
13.10 
4.44 


8.80 
10.72 
6.55 
5.00 


Second- 
feet. 

11,134 

2,871 

3,063 


o 1,979 
a  1,778 
6  3,818 
10,68S 
26,458 

4,107 
17, 167 

4,336 

8,032 
15,087 

3,511 

2,454 

14,610 

12,630 

26,270 

7,918 

2,274 

4,581 

38,680 

29,200 

2,281 


16,110 
19,665 
7,489 
3,948 


a  Frozen.  6  Partly  frozen. 

Note.— Width  is  the  actual  width  of  water  surface,  not  including  piers.    Area  of  section  is  the  total 


area  of  the  measured  section,  including  both  moving  and  stlLl  water; 
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WATER    POWER8    OF    NORTHERN    WISCONSIN. 


Mean  daily  gage  height^  in  feet,  of  Chippewa  Ritrr  near  Eau  Claire^  Wis.,  November  14, 

I'.HU,  to  December  31,  1905. 


Day. 


Nov.     Doc.     Jan.    Fob.     Mnr.     .Vpr.     May.    June.  July.     .\ug.     Sept.     Oct.   i  Nov.    I>er. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

14 13.70 

15 10.20 

16 12.40 

17 13.0) 

18 12.  HO 

19 11.3.^ 

20 9.60 

21 8.r.0 

22 '■^\ 

23 

24 

25 

26 

27 

28 

29 

30 

31 


7.40 

7.00 
6.45 
6.20 
6.00 
5.75 
5.55 


4.50 
4.4.5 
4.00 
4.0) 
4.a5 
4.10 
4. 25 
4.20 
4.45 
4.  -2.5 
4.  .5,') 
4.2.5 
4.30 
4.10 
4.30 
4.-25 
4.30 
4.  '2.5 
4..10 
4.70 
4.30 
4.90 
5.10 
4.60 
4.  .50 
4.8.5 
4.  .'iO 


4.30 
4.35 
4.15 
4/20 
4.40 
3.90 
4.15 
4.40 
4.20 
4.40 
4.80 
4.65 
4.  75 
4.60 
4.8.'i 
4.30 
4.20 
4.30 
4.65 
4.40 
4.50 
4.3,5 
4.3.5 
4.45 
3.  .50 
4. -20 
4.10 
4.10 
3.85 
4. 15 
4.25 


3.70 
4.25 
4.10 
4.  a") 
4.10 
4.a5 
4.15 
4.15 
4.00 
3.H5 
3.80 
3.85 
3.90 
3.90 
3.90 
4.  .50 
4.10 
4.15 
4.30 
4.25 
4.20 
3.3,5 
3.80 
4.15 
4.a5 
3.90 
3. 95 
3.85 


3.20 
3.75 
3.85 
3.90 
3.  75 
3.  75 
3.85 
4.10 
4.W 
5. 05 
5.80 
6.00 
7.  a-) 
8. -20 

aai 

7.00 
7.00 

7.  .V, 
11.80 
13.  % 
13.65 
12. 65 
11.70 
10.  4,5 

9.40 

8.  75 
8.40 


6.85 
7.15 
7.45 
7.95  I 
7.85  ! 
7.40  j 
7..'iO 
7.90  I 
8.  .5,) 
8.00  , 
7.60  j 
8.15  I 
7.70 
7.65 
7.80 
7.80, 
7.50  , 
6.75  I 

6.a5 

6.8.5  ; 
6.80 
6.6.5 
6.40 
6.40 
8.60 
6.5.5 
7.15 
7.00 
7.30 
11.70 


12.80 
13.10 
12.15 
11.  a5 
11.. 55 
10.90 
10.30 
9.20 
9.  15 
7.65 
8. 95 
12.00 
13.  25 
13.40 
13.  r* 
11.8'i 
10.  4.5 
9.90 
9.15 
9.15 
9.:tt) 
9.  .50 
9.05 
9.10 
9.85 
10.  -20 
12.50 
15.15 
16.70 
16.10 


(°) 
(«) 
(«) 
(«) 
C) 
(°) 
6.8,5 
I  5.45 
'  6.  45 
5.95 
6.  .50 
5.90 
9. '2.5 
3.75 
4.65 
4.9.5 
4.  95 
4.  IK) 
4.  L'O 
.5.  15 
4.70 
4.20 
4. :{) 
4.  15 
'  4.25 
4.  15 
6.  75 
4.20 

4.«:o 

4.95 
.1 


7.65 
8,05 
10.60 
13.  ,50 
1,5. 30 
15.20 
13.75 
11.30 
10.30 
9.40 
10.10 
9.95 
8.90 
8.10 
7.80 
7.20 
6.  .50 
8.8U 
5.95 
6.70 
6.15 
5.70 
5.60 
6.00 
9.20 
5.25 
5.05 
5.20 
5.15 
5.15 
5.10 


5.05 
5.20 
5.8.5 
6.85 
7.50 
9.10 
9.00 
11.05 
6.70 
7.55 
7.25 
6.75 
6.85 
6.90 
9.65 
5.10 
6.80 
6.65 
6.00 
5.10 
5.15 
7.50 
5.60 
5.10  I 
5.15  I 
5.25  I 
4,70 
5,45 
5.60  I 
5.20  I 
5.60 


5.90 
6.45 
5.65 
5.85 
5.75 
6.45 
5.8.5 
6.30 
8.00 
8.05 
9.15 
12.  85 
14  00 
16.75 
17.85 
18.50 
17.45 
15.50 
13.45 
11.80 
10.  .50 
9.9.5 
9.15 
7.80 

i.m 

7.00 
7.ft5 
7.05 
7.05 
7.05 


6.90  ; 
7.00  i 
7.a5 
9.90 
11.25 
11.65 
ll.<50  ! 


I 


11.15 
11.35 
10.95 
9.05 
9.45 
9.00 
8.80 
8.45 
7.75 
7.70 
7.40 
7.55 
7.05 
7.05 
6.75 
6,70 
6.55 
6.30 
6.15 
5.95 
6.10 
6.10 
e.10 
5.90 


5.55 

C«) 

5.55 

("/ 

5.45 

i*^) 

5.  ,50 

c; 

5.25 

{") 

5.20 

4.30 

5.  15 

4.ft5 

5.10 

4  50 

O.ttj 

4.t^ 

5.00 

4.70 

5.00 

4.S5 

5.00 

4.50 

5.a5 

4.70 

5.30 

4.85 

5.40 

4.  75 

4-95 

4.70 

4.95 

4.60 

4.25 

4-65 

4.40 

4.65 

4.15 

4.60 

4.20 

A.ee 

4.a5 

4-80 

4-&5 

4.70 

4.a5 

4.W 

4.95 

4.00 

4.90 

4-40 

4.85 

3.40 

4.60 

3.70 

3.f0 

z.m 

3.40 

Day. 


Jan.  I  Feb,  ,  Mar. 

i  ; 


1901, b      '  : 

1 C4.90  I 

2 'c5.15    

3 ' ' 

4 i  f.5.00    

5 1 d4.80 


6 ' '  M.80 

7 ■ I 

8 ' 

9 f4.80 

10 1 

11 i 

12 1 

13 1 

U I 

a  Observer  absent. 

^River  frozen  over  January  1  lo  March  18, 1904,  but  open 
mile  l)elow  bridpe. 

c  Ico  2.0  feet  thick  at  page:  1.0  foot  in  middle  of  channel. 

^  Ice  2.5  feet  thick  at  i:ii^v',  2.5  feet  in  middle  of  channel. 

« Ice  2.0  feet  thick  at  gage;  2,0  feet  in  middle  of  channel. 


i.OO 


f  4. 95 


Apr. 

6.25 

6.72 

6.  .50 

6.  .52 

6.60 

7.17 

7.60 

9.10 

9.67 

9.72 

9.70 

9..T2  1 

o.a5  ! 

8.82  , 

May.  I  June.    July.     Aug.     Sept.     Oct.  ,  Nov.     I>ec, 


9.00 
8.65 
8.63 
8.28 
8.10 
8.03 

10. 13 
8.  .50 
8.83 
9.,^5 
9.25 
8.85 
8.78 

10.20 


8.45 
7.65 
7.65 
8.85 
9.00 
10. 95 
11.30 
10. 8.5 
9.85 
8.92 
7.95 
7.80 
7.80 
7. 45 


8.10 
8.52 
8.28 
8.02 
10.32 
10.12 
9.63 
8.93 
7.22 
7.10 
7.20 
6.72 
6.60 


4.42 
4.80 
4.38 
4.78 
4..'*2 
4.12 
3.45 
4.62 
5.10 
5. 42 
5.35 
4.38 
4.12 
3.  .50 


4.58  6.31 

5.05  5.24 

a  18  8.27 

7.52  I  5.65  I 

aSO  I  5.30 


7.30  ' 
7.  .52 
7.12 
6.72 


5.27 
4.82 
9.12 
7.86 


7.95  13.35 
5.03  I  15.07 
5.28  14.93 
5.  42  13. 15 
5.a5      11.38 


6.79 
6.84 
6.80 
6.61 
5.91 
6.41 
6.08 
.5.35 
5.35 
5.60 
5.36 
5.02 
6.27 
4.82 


3.93 
3.92 
3.93 
3.45 
4.42 
4-28 
4.26 
4.28 
4.37 
4.36 
4-20 
4.34 
4.39 
4. 20 


about  200  to  300  feet  above  and  one-fourth 
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Mean  daily  gage  heightj  in  feety  of  Chippewa  River  near  Eau  Claire,  Wis,,  November  i^ 
i9(f>^,  to  December  31,  19^5— Continued. 


Day. 

1904. 
15 

Jan. 

Feb. 

Mar. 

Apr. 
8.50 

16 

0  5.00 

7.55 

17 

7.25 

18 

7.  .50 

19 

«» 5. 10  1     4. 45 

8.38 

20 

..07 
4,45 
4.37 

8.20 

21 

8.13 
7.4.5 
8.05 
8.50 
9.6.5 
10.63 
10.45 
9.18 
9.55 
9.a3 

22 

23 

24                

"5.00 

4.32 
5.62 
5.95 
6.45 
6.10 
5.?2 
5.05 
5.10 
5.32 

25 .. 

26 

27 i 

bS.SO 

28 

29 

30 

rf4.70 

31 

1905. 

(<) 

12.00 

2 

4.36 

10.20 
11.20 
10.50 
10.40 
10.80 
10.20 

3 

4 

5 

4.80 

4.20 

6 

7 

8 

9.80 

9 

4. 40 

4.50 

9.20 

10 

8.90 

11 

8.70 

12 

4.30 
4.30 
4.25 

7.40 

13 

5.30 

5.76 

14 



5.65 

15 

4.80    

4.10 
*  4.50 
4.50 
4.65 
4.40 
4.45 

6. 10 

16 

5.75 

17 

6.20 

18 

5.36 

7.00 

19 

5.60 

20 

1 

5.45 

21 

4.55 
5.50 

5.40 

22     

4.67 

5.40 

23 

6.20 
7.10 
7.80 
8.90 

5.05 
5.30 
5.30 
6.30 
5.50 
4.80 
5.05 
4.85 

24 

25 

4.95 

26            .... 

27 

1 

10.40 
11.80 
13.20 
13.60 
12.90 

28 

1 

29 

6.17' 

30 

11 

1 
1 

8.00 
8.20 
7.55 
7.22 
7.55 
6.93 
10.30 
6.30 
6.83 
7.33 
9.20 
12.00 
13.48 
13.63 
12.02 
10.67 
9.20 

6.80 
5.80 
5.90 
6.50 
7.50 
6.60 
7.30 
7.60 
7.30 
8.80 
7.80 
7.90  j 
7.50 
9.50 
10.70 
12.20 
12.90 
12.00 
10.60 
10.20 
9.20 
8.60 
8.60 
8.00 
8.10 
7.50 
7.70 
7.00 
7.10 
7.20 
6.90 


7.80 

8.35 

6.25 

5.50 

5.10 

6.20 

6.50 

5.90 

5.80 

5.50 

8.95  , 

5.55 

7.75 

7.60 

7.75 

7.50 


6.30 
6.80 
6.50 
8.20 
12. 10 
19.20 

19.60 
17.30 
14.50 
13.00 
12.60 
11.50 
10.00 
9.40 
8.80 
8.70 
10.20 
12.20 
11.30 
10.50 
9.10 
9.00 
8.80 
8.20 
7.30 
7.50 
8.70 
7.80 
5.75 


5.07 
5.  .55 
5.35 
5.60 
5.50 
5.10 
5.47 
5.05 
4.75 
3.93 
4.07 
4.90 
4.80 
5.00 
4.88 
6.45 
5.00 

6.80 
7.40 
6.30 
6.20 
6.90 
10.40 
10.60 
11.30 
10.10 
7.00 
8.10 
6.90 
6.90 
7.20 
7.10 
7.60 
6.80 
6.50 
6.60 
6.70 
6.00 
6.40 
5.70 
6.10 
5.75 
6.55 
4.90 
4.45 
5.30 
4.45 
4.  .35 


Aug. 


3.80 
4.55 
4.82 
4.65 
4.78 
7.20 
5.25 
4.75 
•4.68 
4.60 
5.00 
.5.40 
8.15 
3.58 
5.55 
4.92 
4.52  I 

i 
6.80 
5.75 
4.35 
4.35 
4.75 
5.10 
5.25 
5.05 
5.30 
5.90 
4.90 
5.45 
6.10 
5.35 
5.70 
4.45 
4.45 
5.60 
5.25 
7.40 
7.30 
8.90 
5.85 
6.20 
6.40 
8.30 
5.30 
5.00 
7.80 
6.20 
6.20 


Sept.  I   Oct. 


5.38 
5.42 
7.10 
4.80 
4.89 
4.27 
4.30 
4.35 
5.10 
4.24 
5.76 
8.18 
7.61 
6.93 
9.81 
6.65 


6.60 
6.20 
5.30 
6.10 
6.80 
6.50 
6.10  ! 
5.65 
5.75 
5.10 
4.90 
5.35  I 
6.90 
5.85 
5.40 
5.55 
7.70 
10.70 
7.00 
10.10 
10.80 
10.30 
9.20 
8.40 
6.50 
8.50 
6.00 
6.00 
7.90 
6.20 


4.75 

6.80 

4.90 

5.10 

6.50 

4.90 

5.25 

6.10 

7.50 

,     5.05 

5.65 

5.00 

5.30 

5.75 

4.85 

5.90 

5.10 

4.80 

4.90 

4.90 

5.50 

5.45 

5.35 

7.90 

10.30 
9.17 
8.10 
8.00 
7.08 
6.85 
8.35 
9.25 

.9.42 
9.00 
8.78 
7.81 
8.02 
7.22 
7.55 
7.30 
6.85 

5.15 
5.55 
7.80 
5.55 
4.90 
4.90 
7.50 
5.00 
4.85 
4.80 
5.50 
7.90 
6.20 
5.90 
5.25 
6.40 
7.35 
7.80 
7.90 
8.96 
8.50 
8.65 
8.35 
7.90 
7.55 
7.20 
7.10 
7.00 
6.60 
6.50 
6.40 


Nov. 


6.26 
5.42 
5.30 
5.47 
5.20 
4.98 
5.28 
5.23 
5.74 
4.77 
4.94 
5.10 
4.&5 
4.55 
4.54 
4.46 


Dec. 


4.34 
4.32 
4.15 
4.19 
4.53 
4.29 
4.34 
4.37 
4.56 
4.38 
3.31 
4.19 
4.55 
(0 


5.70 

6.15 

5.45 

5.75 

5.65 

5.75 

6.10 

6.30 

6.05  ! 

6.10  ^ 

6.50  I 

6.50  , 

5.70 

5.80 

5.20 

6.20 

5.50 

6.00 

5.50 

5.45 

5.40 

4.60 

6.20 

6.00 

5.20 

5.70 

6.05 

5.70 

5.70 

5.00 


4.75 
5.15 
4.85 
5.65 
4.40 
5.40 
5.40 
5.90 
5.85 
5.35 
5.30 
5.30 
5.30 
5.25 
5.00 
4.60 
4.70 
4.80 
4.70 
4.70 
4.65 
4.85 
4.55 
4.60 
4.10 
4.80 
4.60 
4.66 
4.55 
4.70 
4.70 


olce  2.0  feet  thicker  at  gage;  1.0  foot  in  middle  of  channel. 
f>  Ice  2.5  feet  thick  at  gage;  2.5  feet  in  middle  of  channel, 
e  River  frozen  December  28  to  31. 

d  Ice  2.0  feet  thick  at  gage;  2.0  feet  in  middle  of  channel. 

<  River  frozen  entirely  across  at  gage  January  1  to  February  28;  March  1  to  17,  ice  gradually  disap- 
peared.   Thickness  of  Ice,  2  to  2.5  feet.    Gage  heights  are  to  water  surface  In  a  hole  in  the  ice. 
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Rating  table  for  Chippevxi  River  near  Eau  Claire,  Wig.,  from  November  SO,  190f^,  to  Mardi 

12, 190S.a 


Gage 


^^      Discharge. 


height. 

Feet. 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 


Second-feet. 
840 
940 
1,055 
1,190 
1,335 
1,490 
1.655 
1,825 


Gage 
leight. 


heigl 


Feet. 
4.0 
4.1 
4:2 
4.3 
4.4 
4.5 
4.6 


Discbarge. 

\Second-feet. 
1,965 
2,165 
2.345 
2,535 
2,735 
2,940 
3,150 


h?.X  'l>i«luu«e.'    hSTt.  IDl-ch-^. 


Feet. 

Second-feet. 

'■     Feet.     \i 

Second-fee 

4.7 

3,370 

1         6-4 

5,150 

4.8 

3,610 

5.5 

5,410 

4.9 

3,850 

5.6 

5,670 

5.0 

4,110 

1         5^7 

5.930 

5.1 

,          4,370 

;         5.8 

6,190 

5.2 

4,630 

1         ^' 
■          6.0 

6,450 

5.3 

4,890 

6,710 

a  To  be  used  only  when  river  is  frozen. 


Rating  table  for  Chippeiva  River  near  Eau  Claire,  Wis.,  from  March  12,  190S,  to  December 

1,  190S. 


hei^t.     Discharge.      jf]!^\    I  Discharge,      j^^lgf,  J  Discharge.       Ogf,    ,  Discharge. 


Feet. 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.1 
5.2 
5.3 
5.4 
5.6 
5.6 


Second-feet}^ 

I         2. 160     I 
2,340    ,1 

I  2,530 
2,730 
2.930 
3,130 
3,330 
3,540 
3,760 
3,980 

I  4,200 

4,420 
4,640 
4,860 
5,090 
5,330 
5,570 
5,810 
6,050 


Feet. 
5.7 
5.8 
5.9 
6.0 
6.1 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 
6.8 
6.9 
7.0 
7.1 
7.2 
7.3 
7.4 
7.5 


^Second-feet. 
j  6,290- 
6,530 
6,770 
7,010 
7,270 
7,630 
7,790 
8,050 
8,310 
8,570 
8,830 
9,090 
9,350 
9,610 
9,890 
10,170 
10,450 
10,730 
11,010 


Feet. 
7.6 
7.7 
7.8 
7.9 
8.0 

a2 

8.4 

a6 

8,8 
9.0 
9.2 
9.4 
9.6 
9.8 
10.0 

ia2 

10.4 
10.6 
10.8 


Second-feet} 
11,310 
11,610 
11,910  I 
12,210 
12,510 
13,150 
13,790 
14,450 
15,130 
16,810 
16,530 
17,250 
17,990 
18,750 
19,510 
20,270 
21,030 
21,79(J 
22,550 


Feet. 
11.0 
11.2 
11.4 
11.6 
11.8 
12.0 
12,5 
13.0 
13,5 
14.0 
14-5 
15.0 
15.6 
16.0 
16.5 
17.0 
17.5 
18.0 


Second-feet. 
!  23,310 
I  24,070 
24.830 
25,500 
26,350 
27,110 
29,010 
30.910 
32.810 
34,710 
36.610 
38,510 
40.410 
42,310 
44,210 
46,110 
48,010 
49,910 


Rating  table  for  Chippewa  River  near  Eau  Claire,  Wis.,  from  January  1  to  December  31, 1904- 


Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

'   hel^. 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 

i      Feet. 

Second-feet. 

Feet. 

Second-feet.^ 

Second^eet. 

4.0 

1,780 

5.1 

4,390 

6.4 

8,100 

9.0 

16,680 

4.1 

1,980 

5.2 

4,660 

6.6 

8,720 

9.5 

18,380 

4.2 

2,180 

5.3 

4,93U 

,         6.8 

9,360 

10.0 

20,080 

4.3 

2,300 

5.4 

5,200 

7.0 

9,990    1 

10.5 

21,780 

4.4 

2,610 

5.5 

5,480 

7.2 

10,650 

11.0 

23,480 

4.5 

2,840 

6.6 

5,760 

7.4 

11,310 

11.5 

25,210 

4.6 

3,080 

5.7 

6,040 

7.6 

11,970 

12.0 

26,900 

4.7 

3,330 

5.8 

6,320 

7.8 

12,630 

13.0 

30,500 

4.8 

3,690 

5.9 

6,610 

8.0 

13,290 

14.0 

34,480 

4.9 

3,850 

6.0 

6,900 

a5 

14,980 

15.0 

40,000 

5.0 

4,120 

6.2 

7,490 

i 

, 
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Rating  table  for  Chippewa  River  near  Eau  Claire ,  Wis. ,  from  January  1  to  December  31, 1906, 


Gage 
height. 


Discharge. 


Gage 
height. 


Feet. 

Second-feet: 

Feet. 

3.50 

750 

5.40 

3,60 

900 

5.50 

3.70 

1,170 

5.00 

3.80 

1,380    ^ 

5.70 

3.90 

1,500 

5.80 

4.00 

1,800 

5.90 

4.10 

j          2,010 

0.00 

4.20 

2,220 

0.10 

4.30 

2,430 

6.20 

4.40 

2,640 

0.30 

4.50 

2,850 

6.40 

4.  GO 

3,070 

6.50 

4.70 

,          3,290 

6.00 

4.80 

!          3,510 

0.70 

4.90 

3,730 

0.80 

5.00 

3,950 

0.90 

5.10 

4,170 

1        7.00 

5.20 

4,390 

7.20 

5.30 

4,010 

1        7.40 

1 

Discharge. 

height. 

Discharge. 

Gage 
height. 

Discharge 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

4,830 

7.60 

10,290 

11.40 

22,410 

5,050 

7.80 

10,870 

11.60 

23,160 

5,280 

8.00 

11,450 

11.80 

23,950 

5,510 

8.20 

12,030 

12.00 

24,750 

5,740    ' 

8.40 

12,610 

12.20 

25,550 

5,970 

8.60 

13,200 

12.40 

26,350 

0,200 

8.80 

13,800 

12.60 

27,150 

0,430 

9.00 

14,400 

12.80 

27,950 

0,060 

9.20 

15,000    j 

13.00 

28,750 

0,900 

9.40 

15,620 

13.20 

29,560 

7,140 

9.00 

16,260 

13.40 

30,390 

7,380 

9.80 

16,920 

13.60 

31,240 

7,630 

10.00 

17,600 

13.80 

32,110 

7,880 

10.20 

18,280 

14.00 

33,000 

8,130 

10.40 

18,960 

14.20 

33,900 

8,390 

10.60 

19,640 

14.40 

34,800 

8,050 

10.80 

20,320 

14.60 

35,700 

9,180 

11.00 

21,000 

14.80 

36,600 

9,720 

11.20 

21,600 

i 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  15  discharge  measure- 
ments made  during  1904-5.  It  is  well  defined  between  gage  heights  5  feet  and  13  feet.  The  table  has 
been  extended  beyond  these  limits. 

Estimated  monthly  discharge  ofChippetva  River  at  Eau  Claire,  Wis.,  1902  to  1905. 
[Drainage  area,  6,740  square  miles.] 


Date. 


1902. 


November  14  29. 
December  5-31  . . 


1903. 


January... 
February . . 

March 

April 

May* 

June  <" 

July 

August 

September. 
October 


Maxi- 
mum. 


Discharge. 

^i  I 

Mini- 
mum.   ; 


Sec-feet. 


3,730 
2,940 
34,520 
25.970 
44.970 
•36,990 
39,6,">0 
23.500 
51,810 
25,780 


1,190 
995 
840 
8,050 
11,460 
2,070 
4,750 
3,980 
6, 170 
6,770 


Run-off. 

klean. 

Per 
square 
mile. 

Depth. 

Rainfall.o 

c.-feet. 

Sec:- feet. 

Inches. 

Inches. 

14,835 

2.20 

1.39 

5.82 

2,789 

.41 

.41 

1.92 

2,593 

.38 

.44 

.45 

2,023 

.30 

.31 

.86 

11,573 

1.72 

1.98 

2.28 

11,240 

1.67 

1.86 

3.07 

24,761 

3.67 

4.23 

6.45 

8,?20 

1.29 

1.44 

1.95 

14,698 

2.18 

2.51 

7.70 

8,fi02 

1.28 

1.48 

5.35 

19,r.84 

2.90 

3.24 

7..'>8 

13,.'i24 

2.01 

2.  .32 

3.57 

a  Rainfall  for  1902  and  1903  is  the  average  of  the  recorded  precipitation  at  the  following  stations: 
Butternut,  Hayward,  Medford,  Barron,  and  Eau  Claire;  that  for  1904  includes  the  same  stations  with 
the  addition  of  Stanley  and    Prentice. 

*>  May  31  estimated. 

<•  1  to  6,  inclusive,  estimated. 

IRR  15(5—06 7 
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Estimated  monthly  discharge  of  Chippewa  River  at  Eau  Claire,  Wis. ,  1902  to  i905— Continued. 


Date. 

Discharse. 

Maxi-        Mini- 
mum,       mum. 

Mean. 

Sec-feet. 
4.562 

Run-off. 

Per 
square      Depth, 
inch. 

iRainfalL 

November 

1903. 

Sec-feet. ,  Sec-feet. 
5,930          2,830 

Sec-feet,     Inches. 

0.fl8    1      ,0.76 

.42    !          .48 

1   Inches. 
0.96 

December 

3.980           1,055  ;        2,855 

i            .84 

The  year . 

51,810              840  1       10.395 

1.54          21.05 

41-77 

' 

1904. 


January 

February 

March  10^1.... 

April 

May 

June 

July 

August 

September 

October 

November 

December  1-27. 


8.255 


The  year I 


22,220  j 
32,900  I 
24,510 
21,170 
13,790 
19,430 
40,400  , 
9,478 
2,960 


1,920  ' 
7,640 
7,790 
4,390  ! 
1,647 

650 
2,264 
3,642 
2,748 

380 


4.622 
14,550 
16,960 
12,600 
8,525 
3,778 
7,801 
15, 170 
5,576 
2,230 


1905. 


March  18-31. 

April 

May 


June 

July 

August 

September. 

October 

November. 
December. . 


31,240 
24,760 
28,360 
60,520 
22,050 
14,100 
20,320 
14,250 
7,380 
5,970 


2,640 
3.510 
5,740 
5,625 
2,535 
2.535 
3,730 
3,510 
3,070 
2,010 


.686 

.332 

2.16 

2.41 

2.52 

2.90 

1.87 

2.09 

1.26 

1.45 

.561 

.647 

1.16 

1.29 

2.25 

2.50 

.827 

.923 

.331 

.332 

13,510 
10,184 
12,666 
20,368 
8,626 
6,867 
8,970 
8,041 
5,437 
3,821 


2.00 
1.61 
1.88 
3.02 
1.28 
.870 
1.33 
1.19 
.807 
.567 


.51 
1.05 
1.56 
2-01 
4.33 
6.14 
3.13 
4.27 
4.86 
5.59 

.17 
1.79 


35.41 

1.04 
1.68 
2.17 
a.  26 
1.48 
1.00 
1.48 
1.37 
.900 
.654 


WATER  POWDERS. 


CHIPPEWA   BELOW  JUNCTION   OF  FLAMBEAU   RIVER. 

Topography  and  drainage. — The  following  descriptions  of  the  water  powers  on  Chippewa 
River  between  its  mouth  and  the  junction  with  Flambeau  River  were  largely  obtained  from 
a  manuscript  report  of  a  hypsometric  survey  of  this  part  of  the  river  made  by  the  Unit^ 
States  Geological  Survey  during  the  summer  of  1903.o  Between  the  mouth  of  the  river 
and  Chippewa  Falls  a  very  careful  primary  level  was  run,  while  between  Chippewa  Falls  and 
the  mouth  of  the  Flambeau,  in  addition  to  taking  levels,  a  topographic  survey  was  made  of 
the  river  bank  and  the  area  immediately  adjacent.  Between  the  mouth  of  the  Chippewa 
and  that  of  the  Eau  Claire,  a  distance  of  48.4  miles,  this  survey  showed  that  there  was  a 
descent  at  low  water  of  about  106  feet,  or  about  2.3  feet  per  mile.  Because  of  the  uniformity 
of  this  low  gradient,  and  also  because  of  the  width  of  the  stream  and  of  the  adjacent  bottom 
lands,  there  are  no  opportunities  for  water  powers  until  Eau  Claire  is  reached.  Details  of 
descent  and  apportionment  of  drainage  areas  are  shown  in  the  following  tables: 

a  The  survey  of  that  portion  of  the  river  between  Watkins  Landing,  Minnesota,  and  Chippewa  Falls, 
Wis.,  was  under  the  charge  of  Geographer  J.  H.  Renshaw,  Abgvc  Chippewa  Falls  the  wprk  waa  in 
pharge  ol  Geographer  U.  M,  Wilson.  -  -    >. 


Digitized  by  VjOOQIC 


CHIPPEWA    RIVER    SYSTEM.  99 

Profile  ofCkijypewa  River  from  its  mouth  to  sources  of  East  and  West  branches. a 


Shawtown 

Eau  Claire  River,  moutli. 
Dalles  paper  mills: 

Foot  of  dam . 

Head  of  dam. 
Chippewa  Falls: 

Fopt  of  dam . 

Head  of  dam. 
Yellow  River,  moutii . 
Eagle  rapids: 

Foot. 

Head. 

Water  level . 
Rapids,  foot. 
Jim  Falls: 

Foot. 

Head. 
Col  ton  rapids: 

Foot. 

Head. 
Bob  Creek. 
Chevalley  rapids: 

Foot. 

Head. 
Brunett  Falls: 

Foot. 

Head. 
Fisher  River,  mouth. 
Holcombe  rapids: 

Foot. 

Foot  of  dam . 

Head  of  dam,  water  level . 
Deertail  Creek,  mouth . 
Flambeau  River  junction. 
Bruce,  sec.  28,  T.  32  N.,  R.  6  W . 
East  and  West  branches  junction . 

EAST  BRANCH. 


Station. 

Distance. 

No. 

From     Between 
mouth.,  points. 

1 

Reeds  Landing... 

Miles.  '    Miles. 
0             0 

Goose  Eye  rapids  head  (foot  Little  Chief  Lake)  . . 

Snap  tail  rapids  (Hunters  Lake):  I 

Foot 166.7 

Head 168. 2 

Blaisdells  Lake 170. 7 

Cedar  rapids:  , 

Foot '  173.2 

Head j  175.7 

36  i  Bear  Lake '  178.2 

o  Authority:  Nos.  1,  Mississippi  River  Commission;  2-27,  U.  8. 
U.  8.  engineers. 
6  High  water, 
e  Low  water. 


31 
32 
33 

34 

36 


Descent 
between  points. 


Total. 


Feet. 


Per 
mile. 


106.0 
.0  i 


2.0 
21.0 


Feet. 


2.3 
.0 


3.3 


772.0 
793.0 

806.0 
839.0 
852.0 

854.0 
867.0 
871.0 
881.0 

901.0 
936.0 

942.0 
945.0 
954.0 

961.0 
966.0 

967.0 
993.0 
995.0 

1,004.0 
1,020.0 
1,036.0 
1,036.0 
1,050.0 
1,059.0 
1,280.0 

1,323.4 

1,325.2 
1,368.8 
1,374.5 


2.5  1,404.0 

2.5  1,420.0 

1,432.9  1 

Gool.  Survey;  28,  David  Kirk;  29-47 


14.0 

LO 

83.0 

13.0 

2.4 

2.0 

.8 

13.0 

10.8 

4.0 

2.7 

10.0 

4.3 

20.0 

7.4 

35.0 

39.0 

6.0 

4.6 

3.0 

2.3 

9.0 

2.4 

7.0 

2.5 

5.0 

4.2 

1.0 

10.0 

26.0 

26.0 

2.0 

1.3 

9.0 

2.7 

16.0 

32.0 

16.0 

.0 

.0 

14.0 

4.0 

9.0 

.5 

221.0 

5.6 

43.4 

21.7 

1.8 

.9 

43.6 

29.0 

5.7 

2.3 

29.5 

11.8 

16.0 

6.4 

12.9 

5.1 
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Profile  of  Chippewa  River  from  its  mouth  to  sowrces  of  EcLst  and  West  branches. — Continued. 


No  ' 


DisUnoe. 


Station. 


I  From 
mouth. 


EAST  BRANCH.— Continued.  Miles. 

Klvor,  water  level 181. 7 

Pelican  Lake 186. 7 

River,  water  level,  sec.  19,  T.  42N.,  R.  2  W 190.2 

Glidden  Station 201.7 

Source  of  river 223. 7 


WEST  BKAKCH. 


PrcpoBod  U.  S.  dam ]    164.5 

Pakwawang  Lake 168. 7 

Moose  Lake: 

Propose!  U.  8.  dam 

Water  level 

Partridge  Crop  Lake 185. 7 

Source  of  river 205. 7 


178.7 
178.7 


Between 
points. 


Eleva- 
tion 
above    ! 
sea-level,  i  ToUl. 


Descent 
between  pointa. 


Milet. 
3.5 


Feet.     I 
1,442.0 


Feet. 
9.1 


Distances  and  drainage  areas  of  Chippewa  River. 


Per 
mile. 


Feet. 

2.6 


5.0 

1,462.0 

30.0 

4.0 

3.5 

1,463.8 

1.8 

.5 

1L5      r 

1,509.3 

45.5 

4-0 

22. 0± 

1.8 

1,286.0 

6.0 

3.3 

6.0 

1,287.2 

1.2 

.2 

10.0 

1,358.8 

7L6 

7.2 

.0 

1,361.9 

3.1 

7.0 

1,384.4 

22.5 

3.2 

20. 0± 

River.a 


East  and  West  branches  (jimction) 

Court  Oreillos 

Thomapple  (above  mouth) 

Flambeau: 

Above  mouth 

Mouth 

Yellow: 

Above  mouth 

Mouth :... 

Eau  Claire: 

Above  mouth 

Mouth , 

Red  Cedar: 

Above  mouth 

Mouth 

Chippewa , 


Distance 

from  the 

junction  of  I 

Eaat  and 

West       I 
brandies, 

map       I 
measure. 


Drains^ 

area  above 

station. 


Sq.  miles. 

757 


1,777 
3,7«1 

4,926 
5,384 

S,7W 
6,659 

7,004 
8,961 
9,573 


a  Station  is  at  mouth  of  river,  unless  otherwise  stated. 

Eau  Claire. — The  first  dam  site  is  located  about  2i  miles  below  the  mouth  of  Eau  Claire 
River.  According  to  a  recent  survey  by  the  city  engineer,  a  head  of  7  feet  could  be  obtained 
here.  On  account  of  its  proximity  to  the  city  of  E^u  Claire,  this  power  would  have  especial 
value.  Before  improvement  there  were  two  rapids  in  the  river  between  Eau  Claire  and 
Chippewa  Falls,  one  1.25  miles  above  the  Eau  Claire,  called  the  Lower  Dalles,  with  a  descent 
of  lOi  feet  in  a  little  over  2  miles;  the  other  about  4  miles  below  Chippewa  Falls,  called  the 
Upper  Dalles,  with  a  descent  of  9  feet  in  about  2  miles. 
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The  dam  2  miles  above  Eau  Claire,  owned  by  the  Dells  Paper  and  Pulp  Company,  is  of 
the  square-timber,  crib  type  on  a  san4itone  foundation.  It  is  about  600  feet  long,  19  feet 
high,  3  feet  wide  at  the  top,  and  with  a  base  of  about  8  feet.  Eight  splash  boards  are  used 
on  the  crest  when  necessary,  giving  a  head  of  26  feet.  It  would  be  possible  to  increase  the 
height  of  the  dam  so  as  to  develop  32  feet,  and  a  bill  authorizing  this  increase  is  now  (March, 
1905)  pending  before  the  State  legislature.  Such  a  dam  would  back  the  water  nearly  to 
Chippewa  Falls,  15  miles  above,  greatly  adding  to  an  already  very  large  pondage.  This  is 
the  most  important  manufacturing  plant  on  the  river.  The  turbine  installation  is 
reported  as  follows: 

DeUs  Paper  and  Pulp  Company* 8  turbine  instaUaiiont  S  mUes  above  Eau  Claire. 

Purpose.  .  Horsepower. 

Paper  mill 1,396 

Pulp  mill 4,918 

Electric  light  and  power 1, 632 

Waterworks. 300 

8,246 

Chippewa  Falls. — In  the  14i  miles  between  the  Dells  dam  and  Chippewa  Falls  no  power 
sites  are  found,  the  river  having  a  nearly  uniform  slope  of  1  foot  to  the  mile.  At  the  latter 
place,  however,  is  a  wooden  dam  800  feet  long,  with  a  head  of  30  feet,  owned  by  the  Chip- 
pewa Falls  Lumber  and  Boom  Company.  This  dam  supplies  power  for  a  large  sawmill 
and  also  a  plant  furnishing  the  city  of  Chipi>ewa  Falls  with  water  and  electric  light.  The 
dam  could  be  made  several  feet  higher,  as  the  local  conditions  are  favorable,  but  this 
would  interfere  with  a  proposed  plant  at  Paint  Creek  rapids,  2J  miles  upstream,  to  which 
point  the  water  now  backs.  The  owners  have  developed  only  about  20  feet  of  head,  but 
this  could  be  increased  to  the  full  head  of  30  feet  by  blasting  and  cleaning  out  the  river  to 
the  wagon  bridge  below.  The  power  and  light  company  leases  1,000  horsepower,  using  a 
head  of  29  feet. 

The  next  rapids,  known  as  Paint  Creek  rapids,  are  2J  miles  above  the  Chip])ewa  Falls 
dam.  A  flooding  dam  526  feet  long,  with  a  crest  lOJ  feet  above  low  water,  was  formerly 
maintained  here.  A  dam  about  800  feet  long,  with  a  head  of  14  feet,  could  be  constructed 
at  the  foot  of  the  rapids  at  this  point.  The  banks  and  bed  appear  to  be  sand,  intermingled 
with  large  bowlders.  Stone  for  construction  is  abundant  and  near  at  hand,  and  it  is 
likely  that  a  rock  foundation  could  be  easily  obtained. 

Eagle  rapids,  4 J  miles  farther  upstream,  in  lot  3,  sec.  16,  T.  29  N.,  R.  8  W.,  is  a  good 
site  for  a  dam,  owned  by  F.  O.  &  C.  A.  Stanley,  of  Chippewa  Falls.  A  dam  60  feet  long 
and  20  feet  high  would  back  the  water  three  fourths  of  a  mile  above  the  city  of  Chippewa 
Falls,  whece  O'Neils  Creek  enters  from  the  west.  One  mile  above  the  mouth  of  O'Neils 
Creek,  in  s«;.  10,  T.  29  N.,  R.  8  W.,  is  a  gorge  700  feet  wide,  where  a  25-foot  dam  would 
have  solid  sandstone  for  foundations  and  abutments  and  would  back  the  water  almost 
to  the  foot  of  Jim  Falls,  5  miles  above.  Such  a  dam  would  develop  5,000  theoretical 
horsepower. 

Jim  FaUs. — Near  the  small  station  of  Jim  Falls,  on  the  Chicago  and  Northwestern  Rail- 
way, occurs  the  best  opportunity  for  water-power  development  on  Chippewa  River.  It  is 
owned  by  W.  L.  Davis,  of  Eau  Claire.  Formerly  an  old  flooding  dam  was  located  here. 
The  river  flows  over  a  series  of  granite  ledges  1  to  4  feet  high,  while  the  banks  seem  to  be 
of  the  same  rock,  covered  by  a  few  feet  of  sandy  soil.  This  power  is  now  under  develop- 
ment, a  company  having  purchased  all  the  land  needed.  The  proposed  dam,  28  feet  high, 
will  be  located  at  the  head  of  the  rapids.  It  is  designed  to  furnish  power  for  a  pulp  mill 
near  the  foot.  The  total  head  obtained  by  this  plant  will  be  55  feet.  Fig.  4  shows  the  plan 
of  the  proposed  development.  Water  is  to  be  conducted  from  the  dam  by  a  canal  extend- 
ing on  the  left  bank  for  a  distance  of  about  5,000  feet  to  high  bluffs  100  feet  from  the  river 
bank.    The  power  house  will  be  on  the  river  bank  immediately  below.    The  dam  will  back 
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the  water  nearly  to  Brunett  Falls,  9J  miles  above,  and  will  cover  the  Colton  and  Chevalley 
rapids. 

Brunett  Falls. — One  of  the'  best  powers  on  Chippewa  River,  and  one  most  cheaply  devel- 
oped, is  found  at  Brunett  Falls  (PI.  Ill,  B),  located  in  sec.  18,  T.  31  N.,  R.  6  W.     It  belongs 


FiQ.  4.— Plan  of  proposed  water-power  development  at  Jim  Falls  (Davis  Falls X. 

to  Cornell  University,  which  also  owns  the  adjacent  land  as  well  as  the  water  rights.  The 
best  location  for  the  dam  would  be  about  650  feet  above  the  foot  of  the  rapids,  where  a 
35-foot  dam  would  back  the  water  up  to  the  rapids  at  Holcombe,  5i  miles  above.  The 
river  at  the  dam  site  is  narrow  (70  or  80  feet),  while  the  banks  are  high,  granite  ledges. 
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A  dam  here  would  create  a  large  reservoir.  It  is  stated  that  the  plans  contemplate  a  dam 
200  feet  long.  A  8t<>el  wagon  bridge  has  recently  been  built  across  the  river  immediately 
below  the  dam  site. 

Hdcomhe  dam. — The  next  power  is  at  Holcombe,  about  3  miles  below  the  mouth  of  Jump 
River,  where  the  Chippewa  Falls  Lumber  and  Boom  Company  maintains  a  timber  dam,  with 
a  head  of  about  17  feet.  This  is  the  third  dam  that  has  been  built  here,  the  others  having 
been  washed  out  by  freshets.  As  the  lumber  interests  are  fast  declining,  the  present  dam  is 
being  allowed  to  dexiay.  For  power  purposes  it  should  be  replaced  by  a  more  substantial 
structure.  The  river  here  has  a  rock  bottom,  with  rather  low  clay  sides,  but  an  18-foot 
dam  could  be  constructed  on  the  site  of  the  present  structure,  which,  together  with  a 
15-foot  dam  at  the  foot  of  the  rapids  just  below  (sometimes  called  Little  Falls),  would 
develop  about  all  the  head  at  this  point  and  would  not  flood  any  more  valuable  lands  above. 
This  would  back  the  water  above  Deertail  Creek  and  furnish  considerable  storage. 

MotUh  of  Flambeau. — Of  the  14  feet  of  descent  in  Chippewa  River  between  Holcombe 
and  the  mouth  of  the  Flambeau  10  feet  are  concentrated  in  the  first  mile  below  the  latter 
point.     It  is  very  hkely  that  a  dam  on  this  reach  would  easily  develop  15  feet  of  head. 

It  is  worthy  of  note  that  all  the  water  powers  on  Chippewa  River  thus  far  described 
are  i  cached  by  one  or  more  railroads.  Because  of  their  availability  many  of  the  above 
powc  s  are  likely  to  be  developed  in  the  near  future.  Their  importance  is  emphasized 
by  the  following  statement:  Of  the  244  feet  descent  in  the  Chippewa  between  Chippewa 
Falls  and  the  mouth  of  the  Flambeau,  116  feet  are  concentrated  in  5  falls  and  rapids. 
The  building  of  10  dams  would  economically  develop  a  total  of  213  feet  head  in  this  dis^ 
tance  of  43  miles.  When  fully  developed  these  powers  will  rival  in  importance  the  extensive 
developments  on  lower  Fox  River  between  Afipleton  and  Green  Bay. 

BRANCHES  AND  UPPER  WATERS. 

Topography  and  drainage. — The  following  statements  in  regard  to  the  water  powers  of 
upper  Chippewa  River,  not  being  based  on  a  hydrographic  survey,  are  necessarily  incom- 
plete. Statements  concerning  profile,  etc.,  are  based  on  the  survey  and  maps  of  this 
region  made  in  1880  by  United  States  engineers  in  connection  with  the  reservoir  surve3rs. 
Distance  and  drainage  area  data  are  shown  in  the  following  table: 

Lejigih  and  drainage  area  of  the  upper  tributaries  of  Chippewa  River. 


River. 


Length 

(map 

me^ure). 


West  Branch  of  Chippewa. 
East  Branch  of  Chippewa. . 

Court  Oreilles 

Flambeau 

Jump 

Yellow 

Eau  Clai  re 

Red  Cedar 


MiUs. 
35 
60 
20 
155 
65 
65 
65 
95 


Drainage 
area. 


Sq.  miles. 
480 
278 
176 
1,983 
721 
458 
899 
1,957 


In  the  16i  miles  between  the  mouth  of  the  Flambeau  and  Bruce  Chippewa  River  descends 
only  0.8  foot  per  mile,  but  in  the  38J  miles  between  Bruce  and  the  confluence  of  East 
and  West  branches  of  the  Chippewa,  in  sec.  2,  T.  39  N.,  R.  6  W.,  the  river  descends  216 
feet,  an  average  of  5.6  feet  per  mile.  This  steep  gradient  is  certain  to  produce  many 
good  powers.  This  reach  is,  however,  devoid  of  railroads  except  a  few  logging  roads. 
One  of  these  undeveloped  powers,  called  Belills  Falls,  is  located  in  sec.  26,  T.  38  N., 
R.  7  W.     Its  owner,  the  John  Arpin  Lumber  Company,  reports  that  this  power  is  capable 
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of  producing  a  head  of  about  30  feet.  It  is  near  Radison,  on  the  Chicago,  St.  Paul,  Min- 
neapolis and  Omaha  Railway. 

East  Branch  of  Chi ppeun. —Three  important  rapids  occur  in  East  Branch  of  Chippewa 
River.  Between  Little  Chief  Lake  and  the  confluence  of  East  and  West  branches,  a  dis- 
tance of  2.7  miles,  there  is  a  descent  of  43  feet.  Between  these  points  there  is  a  series  of 
rapids,  "  the  bed  of  the  river  being  literally  paved  with  bowlders.  The  banks  are  from 
10  to  20  feet  high  and  the  drift  a  reddish  clay."  These  are  known  as  the  Goose  Eye  rapids. 
Two  or  three  dams  could  develop  a  head  of  about  40  feet. 

Above  Hunters  Lake,  in  sees.  22  and  23,  T.  40  N,,  R  5  E.,  occur  the  Snaptail  rapids, 
with  an  aggregate  descent  of  43.6  feet. 

Cedar  rapids,  the  last  of  importance  on  this  branch,  with  a  descent  of  16  feet,  are  located 
in  sec.  9,  T.  40  N.,  R.  4  W.,  and  in  the  2  miles  above.  The  total  descent  between  Blais- 
dell  and  Bear  lakes  is  about  58  feet,  all  in  a" distance  of  74  miles.  Between  Bear  and  Little 
Chief  lakes  the  banks  vary  from  4  to  50  feet  in  height.  A  logging  dam  has  been  maintained 
at  the  head  of  the  rapids,  in  sec.  26,  T.  41  N.,  R.  4  W.,  which  had  a  height  of  10  feet.  Meas- 
urements made  here  by  United  States  engineers  on  June  20  and  July  12,  1879,  with  the 
river  respectively  0.6  and  2.1  feet  above  low-water  mark,  showed  a  dischaige  of  381  and 
472  second-feet.     The  river  at  this  point  is  153  feet  wide. 

West  Branch  of  ( ^ hip peuyi.  -'West  Branch  of  the  Chippewa  River  has  a  drainage  area 
of  480  square  miles,  or  200  square  miles  more  than  East  Branch,  but  its  descent  is  consid- 
ernbly  less  rapid.  The  river  has  its  sourer  in  several  large  lakes  at  about  1,380  feet  above 
sea  level.  The  first  undeveloped  power  is  located  about  IJ  miles  above  the  confluence 
of  the  two  branches,  in  sec.  34,  T.  40  N.,  R.  6  W.,  where  the  hills  approach  within  900 
feot.  The  river  at  this  point  has  a  width  of  121  feet,  and  here  United  States  engineers 
made  surveys  for  a  dam  with  a  head  of  25^  feet,  which  gave  a  very  laige  reservoir  area. 
A  15-foot  head  could  probably  \ye  obtained  at  reasonable  expense.  Four  measurements 
made  by  United  States  engineers  on  August  6,  1879,  at  a  stage  only  0.2  foot  above  low 
water  gave  a  mean  dischai^  of  360  second-feet,  or  0.75  second-feet  per  square  mile  of 
drainage  area.  This  laige  low-water  run-ofl"  Is  double  that  estimated  for  this  drainage  area. 
The  exc^'ss  may  be  explained  by  the  steadying  action  of  the  lai^  lakes  near  the  head- 
waters of  this  river. 

In  the  10  miles  l)etween  Moasp  and  Pakwawang  lakes  West  Branch  descends  71.6  feet, 
including  a  series  of  rapids  with  sluggish  water  between.  The  banks  are  generally  from 
20  to  30  feet  high,  with  clay  soil.o 

Court  OreUlfs  Hiirr. — Court  Oreilles  River  has  its  souree  at  an  elevation  of  1,287  feet  in  a 
lake  of  the  same  name.  The  group  of  lakes  forming  its  headwaters  have  a  total  area  of  about 
10  .square  miles.  A  dam  at  this  outlet  would  need  to  have  a  length  of  260  feet  to  secure  a 
head  of  5  feet,  and  would  store  a  supply  sufficient  to  deliver  255  second-feet  for  ninety  dajrs 
at  times  of  low  water.  The  river  is  from  50  to  60  feet  wide,  and  in  the  first  3  miles  of  its 
course  is  sluggish.  Thence  to  its  mouth  it  furnishes  a  series  of  rapids,  with  still  reaches 
between.  Tlie  most  important  rapids,  known  as  the  Court  Oreilles,  are  situated  within  3 
miles  from  the  mouth  of  the  river,  which  at  this  point  flows  over  ledges  of  the  pre-Cambrian 
rocks.  The  river  is  crossed  at  its  middle  point  by  the  Chicago,  St.  Paul,  Minneapolis  and 
Omaha  Railway,  where  the  water  surface  has  an  elevation  of  1,240  feet.  This  shows  a 
descent  of  47  feet  in  10  miles  between  this  point  and  the  lake.  The  lower  half  of  the  river  is 
reached  by  the  above  railway.  Unlike  either  East  Branch,  West  Branch,  or  any  other 
neighboring  branches  of  the  Chippewa,  Court  Oreilles  River  drains  a  region  with  a  very  open 
sandy  soil.  A  measurement  made  by  United  States  engineers,  October  25, 1879,  at  a  8t4ige 
0.3  foot  al)ove  low  water,  showed  a  discharge  at  the  mouth  of  Lake  Court  Oreifles  of  only  28 
second-feet  from  a  drainage  area  of  114  square  miles.  It  seems  Hkely  that,  because  of  the 
character  of  the  soil,  part  of  the  run-off  escapes  underground  to  the  west  into  Namekagon 
River. 

a  Rept.  Chief  Eng.  U.  S.  Army,  IS80,  p.  1562. 
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Upper  powers. — Because  of  their  present  isolation  from  railroads,  the  chief  use  of  dams 
which  have  been  maintained  on  the  upper  headwaters  of  Chippewa  River  would  lie  in  their 
operation  as  reservoirs  to  improve  the  powers  below.  Their  location  is  shown  in  the 
following  table: 

Dam  fs  on  upper  waiers  of  Chippewa  River. a 


10 
11 
12 
13 
14 
15 


Location. 


Chippewa  River: 

NW.  Jsec.  28,  T.  32N.,  R.  6  W 

Sec.  22,  T.  33N.,  R.  8  W 

Sec.  28,  T.  32  N.,  R.  6  W 

West  Branch: 

S  W .  i  S  W .  i  sec .  32,  T .  42  N . ,  R .  5  W 

Sec.  12,  T.  42  N.,  R.  5  W : 

NE.  iSE.  isec.  14,  T.  41  N.,  R.6  W 

Outlet  to  Pokegama  Lake,  N  W.  i  N  W.  i  sec.  32,  T.  40  N.,  R.  6  W 

LItUe  Chief  River,  NE.  iNE.  i  see.  2fi,  T.  40N.,  R.  7  W 

East  Branch,  N  W.  J  SE.  i  sec.  2fi,  T.  41  N.,  R.  4  W 

Thomapple  River: 

Sec.  10,  T.  a5  N.,  R.  6  W 

Sec.  4,  T.  36  N.,  R.  6  W 

Sec.  20,  T.  38N.,  R.  4  W ; 

Sec.  4,  T.  38N.,  R.  4  W 

Brunett  River,  sec.  17,  T.  38  N.,  R.  5  W 

Torch  River,  sec.  16,  T.  42  N.,  R.  4  W 


Dimen 

sions.ft 
Length. 

Reservoir 

Height. 

capacity. 

Feet. 
21 
9 

Feet. 
625 

Cubic  feet. 
133,333,000 
153,331,000 
334,536,000 

17 

8 

123 
♦300 
347 
108 
142 
564 

♦20 

8 

430,000,000 

6 

10 

300,000,000 

*18 

♦800 

♦18 

♦400 

♦12 

♦250 

♦15 

♦250 

♦15 

♦325 
♦300 

♦20 

I 


a  Authority:  Nos.  1-4  and  6-ft,  United  States  engineers;  5  and  10-15,  Chippewa  Lumber  and  Boom 
Company. 

b  Dimensions  marked  with  an  asterisk  (♦)  were  estimated  by  the  owner.  The  Chippewa  Lumber  and 
Boom  Company. 

TRIBUTARIES  OF  CHIPPEWA  RIVER. 


FLAMBEAU    RIVER. 

Drainage  and  water  powers. — In  size  of  drainage  area  Flambeau  River  ranks  first  among 
the  tributaries  of  the  Chippewa.  Indeed,  because  of  its  central  location  in  the  drainage 
basin,  it  might  properly  be  regarded  as  the  prolongation  of  the  main  stream  itself.  Re^rd- 
less  of  its  size,  however,  its  water  power  must,  in  large  part,  continue  for  some  time  unused, 
because  of  its  forested  location  and  its  lack  of  railroad  facilities.  The  settling  of  this  area 
will  eventually  justify  the  extension  of  present  railroads  and  the  building  of  new  ones. 
Flambeau  River  is  crossed  near  its  mouth  (at  Ladysmith)  by  the  Minneapolis,  St.  Paul  and 
Sault  Ste.  Marie  Railway,  near  its  center  (at  Park  Falls)  by  the  Wisconsin  Central  Railway, 
and  at  its  upper  headwaters  by  the  Chic^o  and  Northwestern  Railway.  Between  Park 
Falls  and  Ladysmith  is  a  reach  of  70  miles  unserved  by  railroad,  and  yet  with  no  point  at  a 
greater  distance  than  15  miles  from  the  present  railroads.  It  is  significant  that  the  two 
points  with  transportation  facilities,  Ladysmith  and  Park  Falls,  have  established  large  paper 
and  pulp  mills  and  other  manufactories.  The  unusually  steady  flow,  the  soft  water,  and  the 
proximity  of  almost  unlimited  quantities  of  pulp  wood  should  make  this  river  a  center  of  the 
paper  and  pulp  industry.     Transportation  alone  is  lacking. 

Flambeau  River  has  its  source  in  the  largest  number  of  lakes  and  connecting  swaiinps 
with  the  greatest  aggregate  storage  capacity  of  any  river  in  the  State.  This  storage  capacity 
has  been  increased  in  many  cases  by  lumbering  dams  built  at  the  lake  outlets,  but  a^  yet 
many  opportunities  for  the  storing  of  surplus  waters  remain  unimproved.  These  lakes  lie 
in  the  highest  portion  of  the  State,  at  elevations  varying  from  1,560  to  1,650  feet  or  more 
^bove  the  sea.    The  levels  show  that  the  river  descends  570  feet  in  a  distance  of  150  miles, 
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or  about  3.8  fw»t  per  mile.  A  large  part  of  this  fall  is  known  to  be  concentrated  at  numerous 
falls  and  rapids.  In  the  19  miles  between  the  mouth  of  the  river  and  Ladysmith  the  descent 
is  42  feet.  A  company  has  recently  been  formed  to  construct  a  dam  with  a  head  of  20  feet 
at  a  point  6  miles  below  Ladysmith,  in  sec.  18,  T.  34  N.,  R.  6  W.,  and  the  work  of  construc- 
tion is  already  begun.  The  next  developed  power  above  the  mouth  is  found  at  Ladysmith, 
where  a  timber  dam  350  feet  long  develops  a  head  of  16  feet.  This  power  is  used  to  run  a 
paper  and  pulp  mill  and  also  for  the  manufacture  of  wooden  ware. 

There  are  no  developed  powers  on  Flambeau  River  for  70  miles  above  Ladysmith,  but  a 
fall  of  353  feet  in  this  distance  insures  many  undeveloped  powers.  Two  of  these,  Little  Falls 
and  Big  Falls,  are  of  special  importance.  The  former  is  located  in  the  NW.  J  sec.  21,  T.  35 
N.,  R.  5  W.,  and  is  owned  by  A.  J.  McGilvary  and  B.  D.  Viles,  of  Chippewa  Falls.  A  15-foot 
dam  at  the  head  of  the  first  rapids  would  give  a  head  of  about  25  feet  at  the  foot  of  the 
rapids  a  short  distanc^^  below.  Big  Falls,  owned  by  the  John  Heim  Company,  of  Tony, 
Wis.,  is  located  6  miles  above  Little  Falls,  in  sec.  35,  T.  36  N.,  R.  5  W.  There  is  a  descent 
of  25  feet  here  in  a  short  distance,  concentrated  in  three  pitches.  A  view  of  one  is  ^own 
in  PI.  V,  A.  No  ac<?urate  survey  has  been  made  of  either  fall,  but  the  owner  of  Big  Falls 
estimates  that  a  25-foot  dam  at  the  head  of  the  rapids  and  a  canal  about  five-eighths  of  a 
mile  to  the  end  of  the  rapids  would  give  a  60-foot  head.  Both  falls  occur  over  ledges  of 
pre-Cambrian  crystalline  rock. 

At  Park  Falls  the  Flambeau  Paper  Company  has  constructed  two  dams;  one,  half  a  mile 
above  the  railroad  crossing,  in  sec.  13,  T.  40  N.,  R.  1  W.,  and  one  about  a  mile  below,  in 
8e«.  25,  T.  40  N.,  R.  1  W.  Each  dam  furnishes  an  average  head  of  16  feet.  The  upper 
plant  has  installed  13  turbines,  rated  at  1,300  horsepower,  while  at  the  lower  plant  about 
1,100  horsepower  has  been  installed. 

There  are  other  rapids  in  sees.  28, 32,  and  33,  T.  41  N.,  R.  1  E.,  and  levels  taken  by  United 
States  engineers  showed  a  fall  here  of  24  feet  in  2  miles.  Again,  in  sees.  3  and  4,  T.  41  N., 
R.  2  E.,  below  the  junction  of  Turtle  and  Flambeau  rivers,  is  a  similar  fall  of  25  feet.  Above 
this  point  the  river  is  much  smaller  and  has  lower  gradient,  though  bowlder  rapids  are  of 
frequent  occurrence. 

The  lack  of  railroad  transportation  on  this  watershed  will  postpone  the  utilization  of 
its  many  large  water  powers  until  the  region  is  more  thickly  settled  and  better  served  by 
railroads. 

Profile. — No  Government  surveys  have  been  made  in  the  46  miles  above  Big  Falls, 
so  that  reliable  data  regarding  water  powers  along  this  portion  of  the  river  are  almost 
entirely  lacking.  Above  Park  Falls  United  States  engineers  have  run  levels  in  connection 
with  the  reservoir  surveys,  thus  furnishing  valuable  hypsometric  data.  Information  con- 
cerning the  river  profile  from  mouth  to  headwaters,  with  the  exception  noted  above,  is 
fairly  complete,  and  is  summarized  in  the  following  table: 

Profile  of  Flambeau  River  from  its  mouih  to  Boulder  Lake. a 


No. 


Station. 


Mouth  of  river 

SW.  l8ec.34,  T.  34N.,  R.  7W.. 

Ducomon  rapids,  N  W.  {  sec.  23,  T.  34 N.,  R.  7  W  . ... 

New  dam,  foot  of  rapids 

SW.  J  sec.  1,  T.  34  N.,  R.  6  W 

Ladysmith,  lx?low  dam 


Distance. 


From    Between 
mouth,    points. 


Eleva- 
tion 
above  861 
leveL 


MUes. 


7.0 
4.0 
4.0 
.75 
8.5 


Feet. 
1,050.0 
1,064.0 
1,070.0 
1,061.0 
1,088.4 
1,009.0 


Descent  be- 
tween points. 


Total. 


Feet. 


Per 
mile. 


Feet, 


MiU8. 

0.0 

7.0 
11.0 
15.0 
15.75 
24.25 

8.  engineers.    Because  of  an  error  in  the 


14.0 

2.0 

6.0 

l.S 

Il.O 

2.7 

7.4 

10.0 

10.6 

1.25 

a  Authority:    No.  1-26,  U.  S.  Geol.  Survey;  27-30,  U    _ 

assigned  elevation  of  the  initial  bench  mark,  15  feet  is  added  to  the  U.  S.  engineer  elevation  to  cor- 
rect to  sea-level  datum. 
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Profile  of  Flambeau  River  from  its  mouth  to  Boulder  Lake — Continued. 


No 


Station. 


Ladysmith,  above  dam 

NW.  J  860.  25,  T.  35  N.,  R.  6  W 

Little  Falls,  foot  of 

Little  Falls,  head  of  (sec.  21,  T.  35  N.,  R.  5  W.) 

NE.  isec.  1&,  T.  35N.,  R.  5W 

Big  Falls,  foot  of  (N\V.  J  sec.  2,  T.  35  N.,  R.  5  W.) 

NW.  i  sec.  8.  T.  39  N.,  R.  1  W 

South  lino  sec.  33,  T.  40  N..  R.  1  W 

Sec.  35.  T.  40  N.,  R.  1  W.,  west  line  of 

Below  dam,  sec.  25,  T.  40  N.,  R.  1  W..  west  line  of. 

Above  dam 

Park  Falls  railroad  bridge,  west  line  sec.  24,  T.40 
N.,  R.  1  W 

Below  tail  race  upper  dam.  Park  Falls 

Above  upper  dam,  Park  Falls 

Backwater,  upper  dam 

Center  sec.  28,  T.  41  N..  R.  1  E " 

Sec.  12,  T.  41  N.,  R.  1  E.,  W.  J  stake 

Sec.  4,  T.  41N.,  R.  2  E.,  W.  J  stake 

Turtle  River,  mouth 

Manitowlsh  River,  junction  of  Bear  Creek 

Rest  Lake,  mouth  of  (sec.  8,  T.  42  N.,  R.  5  E.) . . . 

Island  Lake,  inlet  of 

Boulder  Lake 


Distance. 

From  1  Between 
mouth.'   points. 

Eleva- 
tion 
above  sea 
level. 

Desce 
tween 

Total 
Feet. 

ntbe- 
points. 

Per 
mile. 

Miles. 

Miles. 

Feet. 

Feet. 

24.25 

0.0 

1,115.3 

16.3 

28.0 

3.75 

1,115.4 

.1 

32.0 

4.0 

1,131.4 

16.0 

4.0 

32.8 

.8 

1,147.4 

16.0 

20.0 

36.8 

4.0 

1,166.7 

19.3 

4.8 

40.3 

3.5 

1,177.0 

10.3 

a3.0 

86.2 

45.9 

1,421.8 

244.8 

5.3 

91.2 

5.0 

1,429.6 

7.8 

1.5 

94.2 

3.0 

1,438,0 

8.4 

2.8 

95.0 

54.7 

1,454.0+ 
1,470.0+ 

1.470.0 

95.0 

0.0 

96  6 

1  6 

98.3 

.5 

1,466.8 

2.8 

5.6 

98.5 

.2 

1,481.0 

14.2 

104.3 

5.8 

1,482.5 

1.5 

.2 

107.1 

2.8 

1,499.2 

16.7 

6.0 

112.5 

5.4 

1,510.8 

n.6 

2.0 

115.8 

3.3 

1,516.0 

6.2 

1.8 

119.0 

3.2 

1,541.4 

25.4 

7.6 

134.0 

15.0 

1,568.0 

26.6 

1.8 

146.0 

12.0 

1,587.0 

19.0 

•      1.6 

153.5 

7.5 

1,592.0 

5.0 

.66 

163.0 

9.5 

1,625.0 

33.0 

3.5 

RainfaU  and  ruriroff. — Like  all  the  northern  rivers  of  the  State  the  minimum  flow  of 
Flambeau  River  occurs  in  serere  midwinter  weather,  or  during  very  dry  summers  in  the 
months  of  July  and  August.  At  present  there  are  not  sufficient  discharge  data  covering 
periods  when  the  river  is  frozen  to  construct  an  accurate  rating  curve  for  such  periods. 
Because  of  the  extensive  forest  and  the  numerous  lakes  and  swamps,  an  ordinary  flow  of 
0.8  second-foot  per  square  mile  of  drainage  area  would  seem  conservative.  By  the  proper 
regulation  of  present  dams  at  the  headwaters  it  is  likely  that  this  discharge  could  be  con- 
siderably increased. 

In  February,  1903,  the  United  States  Geological  Survey  established  an  observing  station 
at  the  Ladysmith  dam,  and  has  taken  daily  gage  readings  since.  Discharge  measurements 
are  taken  by  current  meters  and  are  being  continued  so  that  in  time  an  accurate  estimate  of 
the  river's  discharge  will  be  available.    The  following  tables  give  such  daily  observations: 
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discharge  measurements,  and  computations  as  have  become  available  since  the  establish' 
ment  of  the  station,  and  also  a  record  of  rainfall  for  the  corresponding  period: 

Discharge  measurements  of  Flambeau  Biver  nsar  Ladysmiih,  Wis. ^  for  1903, 190^,  arid  1905. 


a  Frozen. 


Dato. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Feet  per 
second. 

1.64 
1.77 
2.80 
3.70 
1.91 
2.95 
2.69 
3.36 
a  07 

3.15 
2.99 
2.07 
2.21 
3.37 

3.49 
2.09 
2.67 
2.54 
1.84 
3.02 

Gage, 
height 

Feet. 
16.20 
18.05 
17.40 
18.97 
l&OO 

laio 
lass 

18.05 
17.21 

17.88 
17.45 
16.06 
16.01 
18.58 

18.27 
17.60 
17.35 
1&80 
15.66 
17.75 

Dis- 
charge. 

1903. 

February  13o 

March  19(> 

L.  R.  Stockman 

Feet. 
325 
366 
349 
361 
342 
342 
342 
364 
348 

350 
350 
349 
343 
364 

129 
357 
354 
363 
345 
353 

Square 
Jeet. 

472 
1,871 
1,330 
1,927 

703 
1,430 

995 
1,579 
1,271 

1,333 

1,448 

733 

702 

1,653 

1,537 
1,292 
1,232 
1,015 
623 
1,404 

Sectrmd- 
feet, 

T73 

do              

3,312 

April  8 

..do 

3,727 

May  6 

....do 

7,113 

June  16 

do 

1.345 

July  11 

do 

4.222 

^ufirust  21 

do                                   

2,681 

Septeml)erlO 

October  23 

E.  C.  Murphy 

5,303 

L.  R.  Stockman 

3.809 

1904. 
May  16 

E.  Johnson,  jr 

4,203 

June  3 

do 

4,321 

August  29 

Septeml)er  20 

Octol>er  12.  . 

do        

1,517 

..     .do 

1,554 

F.  W.  Hanna 

5.568 

1905. 

Aprils 

May23 

June  14 

S.  K.  Clapp 

5.367 

do 

3,474 

M.  S.  Brennan 

3,288 

July  12 

.do       ....           

2,576 

August  12 

.  .do 

1.144 

September  23 

F.  W.  Ilanna 

4.236 

b  Log  Jam  below. 


Mean  daily  gage  height,  in  feet,  of  Flambeau  River  near  Ladysmiih,  Wis.,  February  15, 

190S,  to  December  SI,  1905. 


Day. 


Feb.     Mar.     Apr.     May.    June.    July.  [  Aug.     Sept.  I  Oct.     Nov.     Dec. 


1.. 

2.. 

3.. 

4. 

5. 

6.. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 


16.15 
10.60 
16.50 
16.10 
16.30 
16.50 
16.60 
16.10 
16.50 

laso 

10.05 
16.  45 
16.35 

14 16.35 

16.60 
16.15 
16.20 
1&30 
18.25 


15 

16.00 
16.10 
16.05 
16.00 
15.90 

16..             

17 

18 

19 

17.00 
16.80 
16.90 
ia90 
17.05 
16.40 
16.90 
17.45 
17.35 
17.25 
17.25 
17.30 
17.25 
17.50 
17.40 
17.20 
ia95 
17.00 
16.90 


I 


18.30 
18.40 
18.60 
19.05 
19.10 
19.10 
19.10 
18.80 
ia70 
17.95 
18.25 
18.80 
19.55 
19.80 
19.65 
19.55 
19.40 
19.45 
19.05 


19.80 
19.65 
18.95 
18.60 
18.10 
17.55 
17.55 
17.30 
16.95 
ia60 
ia75 
16.80 
16.30 
16.15 
1&35 

laso 


15.65 
16.15 
17.25 
18.10 
18.90 
19.05 
19.20 
18.85 
18.70 
18.60 
18.75 
18.55 
18.30 
17.85 
17.70 
17.65 


iao5 

17.00 

16.05 

17.35 

16.85 

17.35 

ia20 

18.00 
17.90 
17.80 
17.70 
17.50 
17.30 
17.30 
17.20 
17.00 


17.00 
16.70 
16.80 
16.30 
I&80 
1&90 
16.90 
17.^ 
18.20 
ia20 
18.00 
18.40 
19.00 
19.80 
20.40 
2a  50 
2a  50 
20.30 
20.00 


17.20     16.00 
17.30     1&25 


17.60 
1ft  65 
1ft  70 
1ft  35 
1ft  25 
1ft  25 
1ft  30 
1ft  35 
ia95 
18.65 


18.25 
17.90 
17.85 
17.80 
17.50 
17.35 


1585 
1585 
1585 
1585 
1590 
15.65 
15  70 
1585 
l&OO 
1585 


18.45     1585 


1580 
15.80 
15  75 
15.80 
15.00 
15.50 


1590 
1575 
1596 
15  60 
1580 
1580 
1&95 
1580 
14  70 
1€l50 
1&35 
16.30 
16.50 
16.45 
16.55 
1&35 
1&40 
1&70 
16.60 
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Mean  daUy  gage  heighiy  infeety  of  Flambeau  River  near  Ladysmiih,  Wis.,  February  15^  1903, 
to  December  31, 1905 — Continued. 


Day. 


Feb.  I  Mar. 


1903.  I 

20 16.00 

21 ....'  15.90 

22 16,05 

23 16.00 

24 ,  16. 25 

25 16.00 

26 !  15.95 

27 1  16.40 

28 16. 25 

29 

30 1 

31 


I 


20.35 
19.30 
18.50 
18.45 
17.30 
17.60 
17.25 
17.00 
17.10 
17.00 
16.75 
16.60 


Apr. 

May. 

June. 

July. 

16.85 

19.20 

15.80 

17.20 

16.90 

19.25 

15.85 

17.15 

16.65 

18.85 

15.95 

16.70 

16.65 

19.15 

15.65 

16.70 

17.30 

18.90 

15.90 

16.70 

17.30 

19.00 

15.60 

16.80 

17.25 

19.55 

15.85 

(«) 

17.15 

20.60 

15.60 

(«) 

17.20 

21.45 

16.70 

(«) 

17.40 

21.45 

15.95 

<«) 

18.45 

21.20 

15.80 

(«) 

21.45 

(«) 

Aug.     Sept.     Oct. 


Nov.    Dec. 


Day. 


1904. 


1 16.75 

2 16.95 

3 16.75 

4 16.85 

5 17.00 

6 16.50 

7 16.50 

8 16.65 

9 16.65 

10 16.70 

11 16.60 

12 16.56 

13 16.50 

14 16.70 

15 16.70 

16 16.75 

17 16.60 

18 16.60 

19 16.65 

20 16.30 

21 1  16.75 

22 16.75 

23 1  16.75 


Jan.ft    Fcb.c 


24., 
25. 
26. 
27. 
28.. 
29.. 
30., 
31.. 


16.65 
ia70 
16.70 
16.45 
16.65 
16.60 
ia75 
16.65 


16.75 

16.75 

16.10 

16.80 

16.90 

16.70 

16.80 

16.75 

16.75 

16.65 

16.70 

16.95 

17.00 

16.70 

16.90 

16.95 

16.55 

17.10 

ia95 

16.95 

17.65 

16.90 

17.00 

16.60 

17.00 

16.90 

17.00 

ia96  j 

16.95  I 


Mar.fr 


17.00 
17.05 
17.00 
17.05 
17.15 
16.95 
16.90 
17.15 
16.90 
17.60 
17.40 
17.05 
17.30 
17.20 
17.20 
17.00 
17.16 
17.20 
17.15 
17.06 
17.06 
17.15 
16.85 
17.15 
16.95 
16.95 
16.96 
17.15 
17.05 
16.45 
17.20 


Apr.« 


16.90 
17.20 
16.80 
16.90 
16.86 
16.80 
17.10 
17.25 
17.05 
17.00 
17.10 
17.10 
17.16 
17.05 
17.25 
17.20 
17.10 
17.06 
17.00 
16.86 
16.85 
ia66 
17.20 
17.20 

laoo 

18.40 
18.45 
18.50 
18.60 
18.90 


17.00 
17.10 
16.90 
16.70 
16.80 
17.10 
16.80 
17.00 
16.90 
16.80 
ia70 

laso 


19.70  j 

19.30 

18.90 

18.60 

18.20  I 

18.00 

17.70 

17.85 

17.50 

17.30 

17.20 


I 


17.26 
17.25 
17.16 
17.06 
17.00 
16.80 
17.00 
16.80 
16.55 
16.66 
16.06 
16.20 


15.50  j 
16.46  ! 
15.25  , 
15.40 
15.65 
15.45  I 
15.55  ! 
15.86  I 
15.80  I 
16.80  I 
15.86  I 


16,67 
16.67 
16.67 
16.66 
17.00 
16.69 
16.66 
16.60 
16.10 
16.80 
16.80 
16.70 


May. 


18.70 
18.66 
18.60 
18.35 
18.46 
ia60 
18.60 
18,85 
19.20 
19.16 
18.90 
18.80 
18.36 
18.16 
18.01 
17.95 
18.01 
18.01 

iao3 

17.05 
17.03 
17.01 
17.04 
17.06 
18,40 
19.00 
19.40 
19.30 
18.80 
18.40 
17.80 


June.    July.     Aug.  |  S<'pt.     Oct.     Nov.    Dec.** 


17.60 
17.40 
17.42 
17.43 
18.00 
18.02 
18.26 
18.27 
17.90 
17.22 
17.10 
17.25 
17.15 
17.12 
16.60 
16.56 
16.36 
16.25 
16.32 
1&96 
15.88 
16.15 
16.96 
16.36 
16.66 
ia70 
16.96 
17.05 
17.05 
17.20 


17.58 
17.77 
17.70 
19.90 
18.82 
I  18.88 
I  18.75 
j  18.76 
18.05 
17.96 
17.70 
17.25 
16.40 
16.30 
16.12 
16.16 
16.03 
16.00 
15.60 
16.80 
16.96 
15.86 
16.80 
16.70 
15.86 
16,16 
16,76 
16.76 
15.70 
16.26 
16.66 


16.  IS 
16.40 

(/) 

(/) 
16.60 
16.72 
16.13 
16.40 
15.75 
15.92 
15.86 
16.00 
16.90 
16.90 
16.86 
16.02 
16.90 
15.86 
16.96 
16.75 
16.00 
16.20 
16.35 
16.45 
16.65 
16.46 
16.46 
16.20 
16.10 
16.27 
16.16 


16.25 
16.30 
16.38 
17.78 
17.66 
17.20 
17.28 
17.30 
17.03 
16.00 
16.40 
16.32 
16.46 
16.30 
16.15 
16.06 
16.06 
16.13 
16.16 
16.00 
16.00 
15.90 
16.96 
15.96 
16.40 
ia40 
16.40 
16.46 
16.40 
ia46 


(0 

(0 
(') 

1&05 
16.05 
16.10 
16.10 
17.06 
18.70 
18.65 
18.60 
18.50 
18.43 
18.30 
17.85 
17.80 
16.96 
17.16 
17.26 
17.60 
17.80 
17.76 
17.76 
17.86 
17.76 
17.66 
17.66 
17.65 
17.70 
17.22 


17.25 
17.30 
17.20 
16.90 
16.70 
16.80 
16.30 
16.20 
16.17 
16.15 
16.05 
15.55 
16.60 
16.46 
15.82 
16.28 
15.55 
16.72 
15.70 
15.60 
15.46 
16.82 
16.27 
16.66 
15.72 
16.70 
16.65 
15.40. 
14.95 
15.65 


15.65 
16.05 
16.96 
14.60 
16.15 
16.30 
14.87 
15.78 
16.57 
16.55 
16.26 
16.77 
16.55 
16.30 
15.36 
15.45 
15.35 
16.30 
16.60 
16.57 
16.70 
16.72 
15.68 
15.60 
16.66 
16.70 
16.10 
15.75 
16.80 
16.30 
16.40 


a  Chain  gage  stolen. 

^Frozen  from  January  1  to  March  30,  when  ice  begins  to  break, 
thickness, 
rice  conditions  March  31  to  about  April  10. 
d  Ice  conditions  during  December. 
*  Weight  gone. 
/Key  lost;  no  gage  height  taken  on  August  3  and  4. 


Ice  varied  from  6  to  18  inches  in 
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Mean  daily  gage  height ^  in  feet^  of  Flambeau  River  near  Ladysmith,  Wis.,  etc. — Continued. 


Day. 


Jan. 


Feb. 


Mar.  j  Apr.     May.    June. 


1(3.5 


16.00 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 ' 

23 j I 

24 I !  16.80 


.1     16.6  ' 


16.7 


16.90 


16.7 


25 ' '     16.6     16.45 

26 ' 1 16.35 

27 1 1  16.25 

28 16.6    17.10 

29 ! ' '  17.90 

18.20 
18.60 


30. 
31. 


18.80 

'  ia40 

■  19.00 
j  19.20 
'  18.90 
18.40 
I  18.40 
18.20 
18.10 
17.80 
17.40 
17.20 
17.20 
18.20 
18.10 
17.60 
17.20 
16.56 
16.65 
16.45 
16.55 
17.00 
16.30 
16.35 
16.15 
1&05 
17.40 
17.40 
17.00 
16.80 


16.8 
16.8 
16.8 
17.0 
17.3 
17.6 
17.6 
17.4 
17.1 
17.4 
17.5 
17.8 
17.8 
18.0 
18.3 
18.2 
18.4 
18.6 
18.6 

ia4 

18.0 
18.0 
17.4 
18.0 
17.6 
17.4 
17.2 
18.0 
17.8 
17.6 
17.4 


17.40 
ia25 
16.40 
16.80 
17.80 
ia70 
19.60 
19.30 
18.90 
18.70 
1&60 
18.60 
17.60 
17.50 
17.60 
17.70 
18.00 
19.70 
19.60 
19.40 
19.10 
18.90 
18.60 
18.40 
18.00 
18.00 
18.00 
17.70 
17.70 
17.70 


July.     Aug. 


I 


17.70 
17.60 
17.50 
17.60 
18.60 
19.00 
19.20 
18.80 
18.50 
18.20 
17.40 
17.00 
17.00 
17.00 
16.70 
16.60 
ia35 
16.35 
16.40 
16.15 
16.10 
16.20 
15.90 
15.50 
15.90 
15.75 
15.80 
15.80 
15.75 
15.70 
15.55 


1&80 
15l90 
15.80 
15.70 
16.75 
15.35 
16.35 
15.30 
15.50 
15.30 
15.40 
16.55 
16.40 
16.32 
15l45 
15.60 
16.65 
15.90 
16.80 
16.90 
17.10 
16.90 
16.60 
16.46 
16.80 
16.35 
16.25 
16.80 
17.00 
17.20 


Sept.     Oct.     Nov.     Dec. 


16.90 
16.60 
16.90 
17.00 
17.00 
16.90 
16.60 
16.70 
16.50 
16.40 
16.20 
16.20 
16.25 
16.25 
16.45 
16.80 
17.10 
17.05 
17.70 
17.80 
18.20 
18.40 
17.80 
17.60 
17.30 
17.20 
16.80 
16.80 
16.70 
16.20 


16.65 
ia55 

lass 
ia25 

16.20 
16.15 
15.80 
16.95 
15.80 
15.95 
16.65 
16.20 

iai5 

16.10 
16.40 
16.75 
16.75 
17.00 
17.65 
17.20 
17.65 
17.35 
17.45 
17.30 
17.10 
16.85 
16.85 
16.80 
16.70 
16.65 


15.95 

15.95 

16.65 

16.05 

16.20 

16.30 

iai5 

16.30 

16.10 

16.20 

16.40 

16.10 

16.75 

16.25 

16.75 

1&05 

17.00 

16.90 

17.65 

15.90  , 

17.20 

16.85  1 

16.40 
ia25 
16.15 
16.05 
16.20 
16.15 
ia20 
16.15 
16.05 
15.95 
16.05 
16.30 
16.30 
16.20 
16.10 
16.25 
1&05 
16.90 
16.90 
16.85 
16.90 
16.70 
15.75 
16.60 
16.00 
16.80 
16.10 
16.60 
16.16 
16.90 


17.00    16.30 


16l16 
16.90 
16.85 
16.30 
15l95 

laio 

16.45 
16.15 
16.26 
ia25 
15l90 
16l80 
16.90 
15.70 
15.70 
16.20 
16.  4D 
ISlTO 
15.95 
15.46 
15.65 
15.60 
15.65 
15. » 
16.75 
16.10 
15.60 
16.00 
15u90 
16.15 
16.10 


I 


a  River  frozen  entirely  across  January  1  to  March  23.    March  11-23  there  was  water  on  the  ice. 
heights  are  to  water  surface  in  a  hole  in  the  ice.    The  following  comparative  readings  were  also 


Gage 
made: 


Date. 


January  7... 
January  14.. 
January  21 . . 
January  28.- 
February  4.. 
February  11. 
February  18. 
February  25. 
March  4 


Water 
surface. 


Feet. 
16.3 
16.6 
16.7 
16.6 
16.4 
16.5 
16.7 
16.6 
16.8 


Top  of 
ice. 


Feet. 
1&4 
16.8 
1&9 
16.9 
16.9 
16.9 
17.1 
1&9 
17.8 


Thick- 
ness. 


Feet. 


a7 
1.3 
1.4 
1.5 
1.7 
L7 
2.0 
L8 
1.8 
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Rating  taUefor  Flambeau  River  near  Ladysmiihj  Wis.,  from  March  19, 190S,  to  December  1, 

1903.  a 


Discharge. 


Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

.     15.0 

530 

16.1 

555 

15.2 

600 

15.3 

665 

15.4 

745 

15.5 

825 

15.6 

1             915 

15.7 

1,010 

15.8 

1,110 

15.9 

1,220    1 

16.0 

1,340 

16.1 

1,465 

16.2 

1,610 

Gage 
hei^t. 

Discharge. 

'     Gage 
heiS»t. 

Discharge. 

Gage 
height. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

ia3 

1,765 

17.6 

4,280    1 

18.8 

16.4 

1,925 

17.7 

4,500 

18.9 

16.5 

2,085 

17.8 

4,720 

19.0 

16.6 

2,245 

17.9 

4,940 

19.2 

16.7 

2,405 

18.0 

5,160 

19.4 

16.8 

2,575 

l&l 

5,380 

19.6 

16.9 

2,755 

1&2 

5,600 

19.8 

17.0 

2,960 

1      ia3 

5,820 

20.0 

17.1 

3,180 

18.4 

6,040 

20.2 

17.2 

3,400 

'        18.5 

6,260 

2a4 

17.3 

3,620 

18.6 

6,480 

20.6 

17.4 

3,840 

ia7 

6,700 

21.0 

17.5 

4,060 

Second-feet 
6,920 
7,140 
7,360 
7,800 
8,240  V 
8,680 
9,120 
9,560 
10,000 
10,440 
10,880 
11,760 


a  Made  from  measuivinents  between  gage  heights  16  and  18.95  feet.    Curve  above  and  beiow  these 
points  is  approximate.    To  be  used  only  for  open  river. 

Rating  table  for  Flambeau  River  near  Ladysmith, -Wis.,  from  January  1,  190 J^,  to  December 

SI,  190^. 


Gage 
height. 

Feet. 

15.0 

15.1 

15. 2 

15.3 

15.4 

15.5 

15.6 

15.7 

15.8 

15.9 

Discharge. 

Gage 
1  height. 

Second-feet. 

Feet. 

667 

16.0 

606 

16.1 

637 

1        16.2 

690 

16.3 

755 

16.4 

832 

16.5 

921 

16.6 

1,022 

16.7 

1,135 

16.8 

1,260 

16.9 

Discharge. 


Second-feet. 
1,399 
1,542 
1,686 
1,830 
1,974 
2,118 
2,262 
2,406 
2,550 
2,695 


height. 

Feet. 
17.0 
17.1 
17.2 
17.3 
17.4 
17.5 
17.6 
17.8 
l&O 
18.2 


Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

Second-feet. 

Feet. 

2,841 

18.4 

5,291 

2,990 

18.6 

5,704 

3,143 

1&8 

6,120 

3,300 

19.0 

6,539 

3,461 

19.2 

6,959 

3,626 

19.4 

7,379 

3,795 

19.6 

7,799 

4,145 

19.8 

8,219 

4,511 

20.0 

8,639 

4,893 

1 

Rating  table  for  Flambeau  River  near  Ladysmith,  Wis.,  from  January  1  to  December  SI,  1906. 


Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
1  height. 

Discharge. 

1     Gage 
height. 

1 
Discharge  i 

Feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

15.00 

600 

16.20 

1,735 

1      17.40 

3,510 

18.50 

6,770 

15.10 

670 

16.30 

1,865 

17.50 

3,700 

18.60 

5,980 

15.20 

745 

16.40 

1,980 

17.60 

3,890 

18.70 

6,190 

16.30 

825 

16.60 

2,110 

17.70 

4,090 

18.80 

6,400 

15.40 

910 

16.60 

2,245 

17.80 

4,300 

18.90 

6,610 

16.50 

1,000 

16.70 

2,385 

17.90 

4,510 

19.00 

6,820 

15.60 

1,090 

,      16.80 

2,530 

1      18.00 

4,720 

t      19.20 

7,240 

15.70 

1,185 

16.90 

2,680 

'      18.10 

4,930    . 

19.40 

7,680 

15.80 

1,285 

17.00 

2,835 

1      18.20 

5,140 

19.60 

8,120 

15.90 

1,390 

17.10 

2,995 

18.30 

5,360    1 

19.80 

8,560    1 

16.00 

1,600 

17.20 

3,160 

18.40 

6,660    ' 

20.00 

9,000    ! 

16.10 

1,616 

17.30 

3,330 

1 

1 

The  above  table  is  applicable  only  (or  open-channel  conditione. 
pients  made  during  1903-1905.   It  is  no^  ver^  well  deflne(), 


It  is  based  oo  discharge  me«i4ure« 
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Estimated  nwnthly  discharge  of  Flambeau  River  near  Ladysmiihy  W is. y  for  1903,  J904,  and  1905. 
[Drainage  area,  2,120  square  miles.] 

Discharge. 

I    RaiD- 
!     faU.a 


a  Rainfall  for  1903  is  the  average  of  the  recorded  rainfall  at  Butternut,  Medford,  and  Eau  Claire; 
that  for  1904  omits  Eau  Claire  and  adds  Prentice  and  Minocqua. 
^  February  15  to  28,  inclusive, 
c  July  1  to'  25,  inchisive. 
d  August  10  to  31,  inclusive. 

e  Estimates  April  and  December  made  as  if  open  channel. 
/  Discharge  estimated  for  August  3  and  4  and  October  1  to  4. 
(?No  estimate  for  ice  period. 
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Tributaries  of  Flambeau  River. — Dore  Flambeau  River,  the  south  branch  of  the  Flambeau, 
rise$»  at  an  elevation  of  1 ,582  feet  above  the  sea,  in  a  group  of  a  dozen  lakes,  the  largest  being 
Long  Lake.  Its  total  drainage  area  is  742  square  miles.  After  a  very  rapid  course  of  about 
60  miles  it  joins  the  main  stream  in  sec.  31,  T.  37  N.,  R.  3  W.  In  the  27  miles  between  Long 
Lake  and  Fifield  the  river  descends  146  feet,  or  5.4  feet  to  the  mile.  Its  gradient  below 
Fifield  has  not  b?en  determined,  but  it  is  known  to  have  many  important  falls  and  rapids. 
One  of  the  largest  of  these,  located  in  sec.  33,  T.  37  N.,  R.  3  W.,  has  a  total  fall  of  35  feet. 
Owing  to  its  lakes  and  swamps  this  river  has  a  much  more  uniform  flow  than  any  of  the 
Chippewa  tributaries  farther  south.  Dams  are  maintained  by  the  Chippewa  River  Improve- 
ment Company  at  the  outlet  of  Long  Lake  and  at  Fifield.  The  same  company  maintains 
logging  dams  on  Elk  River  in  sec.  11,  T.  37  N.,  R.  2  W.,  and  also  in  sec.  14,  T.  37  N.,  R.  1 
W.,  with  flowagc  of  IJ  and  2\  square  miles,  respectively.  These  and  other  logging  dams 
within  this  drainage  area  are  listed  in  the  following  table: 

Logging  dams  maintained  on  iribiUaries  of  Flambeau  River.a 


No. 


Dam. 

l/ocatlon.  

Height.     Length. 


Dore  Flambeau  River:  leet. 

Sec.  7,  T.  39  N.,  R.  1  E;  sec.  24,  T.  40  N.,  R.  1  E 16 

Sec.  16,  T.  38  N.,  R.  1  W 

Sees.  23-26,  T.  40  N.,  R.  3  E '  16 

Flambeau  Lake,  sec.  2,  T.  40  N.,  R.  4  E 6 

Manitowish  River: 

Sec.  9,  T.  42N.,  R.  5E 13 

Sec.  24,  T.  42  N.,  R.  6  E 17 

Sec.  15,  T.  42  N.,  R.  7  E 15 

Elk  River:  j 

Sec.  11,  T.  37  N.,  R.  2  W 10 

Sec.  14,  T.  37  N.,  R.  1  W '  10 

Trout  River,  sec.  14,  T.  41  N.,  R.  6  E '  4 

Bear  Creek,  sec.  2,  T.  40  N.,  R.  4  E I 


Feet. 
350 


400 
24 

400 
300 
250 

450 


a  Authority:  Nos.  1  and  3,  Wni.  Irving,  manager,  Chippewa  Lumber  and  Boom  Co.;  4-8,  Flambeau 
Lumber  Co.;  9,  J.  R.  Davis  Lumber  Co.;  lOand  11,  E.  S.  Shepard.  Owners:  Nos.  1,3,  and  5-7,  Chippewa 
Lumber  and  Boom  Co.;  2,  Lugar  Lumber  Co.;  4,  Flambeau  Lumber  Co.;  8  and  9,  Chippewa  Klver 
Improvement  Co. 

RED  CEDAR  RIVER. 

Drainage. — An  area  of  1,957  square  miles  in  the  extreme  western  part  of  Chippewa  Valley 
is  drained  by  Red  Cedar  River  (sometimes  called  the  Menomonie),  which,  unlike  the  other 
large  tributaries  of  Chippewa  River,  does  not  reach  the  main  stream  until  within  a  few  miles 
from  its  mouth.  Except  at  it^  headwaters,  Red  Cedar  River  drains  a  region  underlain  by  the 
Cambrian  sandstone.  As  a  result,  the  greater  part  of  the  area  has  a  sandy  soil.  A  narrow 
belt  of  clayey  loam,  increasing  in  width  southward,  extends  along  the  western  limit  of  this 
area.  The  drainage  area  occupies  the  U-shaped  region  included  between  two  terminal 
moraines,  one  near  the  eastern  and  one  near  the  west?rn  bordc»r,  which  unite  at  the  upper 
headwaters,  giving  rise  to  numerous  lakes.  Four  of  the  largest  of  these  have  an  area  of  about 
20  square  miles. 

Profile. — A  study  of  the  profile  of  Red  Cedar  River  shows  that  its  total  descent  in  the  90 
miles  above  its  mouth  is  470  feet,  or  5.2  feet  per  mile.  This  gives  opportunity  for  a  large  num- 
ber of  water  powers.    There  are  about  25  old  logging  dams  on  the  river,  besides  about  an  equal 

IRR  156—06 8 
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number  of  sawmills  and  flouring  milb.    The  following  talkie  has  been  compiled  from  actual 
Burveys'by  competent  engineers  and  from  checked  railroad  levels: 

Profile  of  Red  Cedar  River  from  its  mouth  to  Red  Cedar  Lake  A 


No. 


Station. 


Mouth  of  river 

Dunnville 

Downsville  dam: 

Foot.: 

Cmst 

I  rving 

Menomonle  dam: 

Foot 

Crest 

"Omaha"  bridge 

C«dar  rapids  dam: 

Foot 

Crest 

Hay  River,  mouth 

Colfax 

Cameron  (2  miles  west) 

Railroad  crossing 

Cedar  Lake  dam,  sec.  22,  T.  37  N.,  R.  10  W, 
Dam  In  sec.  25,  T.  37  N.,  R.  10  W 


Distance. 


From      Between 
mouth.  ,   points. 


MiUM.       Miles. 


0 
2.0 

7.8 
7.8 
13.0 

16.6 
16.6 
18.9 

23.4 
23.4 
30.2 
35.0 
70.0 
74.0 
90.0 
96.0 


I     Desceot  be- 
Elcva-      tween  points. 

tion       *^      _ 

above 


i  level. ,  Total. 


Per 
mile. 


I 


2.0 

5.8 

.0 

5.2 

3.6; 

.0  j 
2.3 

4.5 
.0 

6.8 

4.8 
35.0 

4.0 
16.0 

6.0 


Feet. 

705.0  ; 

723.  4         18. 4 


Feet.       Feet. 


739.0 
758.2 
766.4  j 

788.3 
803.9 
806.7 

823.3 

842.0 

859.3  , 

895.0  I 

1,068.0  j 

1,116.0  ' 

1,191.0 


15.6 

19.2  || 
8.2    I 

21.9  j] 
16l6    ] 

2.8  !i 

I 

lae 

18.7    I 

17.3  !J 
35.7  , 

173.0 
4&0 
75.0 


9.2 


2.7 


8.0 

3.7 

&3 

7.4 
5.0 
12.0 

4.7 


a  Authority:  No.  1,  Chicago,  Milwaukee  and  St.  Paul  Railway;  2-11,  O'Keef  &,  Orbison,  Appieton, 
Wis.;  12,  Wisconsin  Central  Railway;  13,  Minneapolis,  St.  Paul, and  Sault  Ste.  Marie  Railway;  14  and 
15,  Chicago,  St.  Paul,  Minneapolis  aiid  Omaha  Railway. 

A  study  of  this  table  shows  that  Red  Cedar  River  has  a  high  gradient,  averaging  5}  feet  per 
mile  in  the  last  74  miles,  with  frequent  concentrations  of  descent.  No  gagings  of  the  river 
have  been  made.  Tributaries  entering  the  river  from  the  west  flow  through  a  clayey-loam 
soil,  but  the  upper  and  eastern  portions  of  the  drainage  area  have  a  sandy-loam  soil.  It  is 
therefore  likely  that  this  river  has  a  fairly  uniform  flow.  The  decline  of  the  lumbering  inter- 
ests greatly  increases  the  value  of  the  Red  Cedar  River  as  a  power  producer. 

Water  jxywers  and  dams. — In  the  30  miles  below  Hay  River  the  Red  Cedar  descends  154.3 
feet,  and  as  this  region  borders  the  prairie  region  and  is  thickly  settled,  the  six  powers  here 
included  will  probably  be  developed  to  the  full  extent  in  the  near  future.  This  develop- 
ment includes:  (1 )  The  construction  of  a  dam  at  Dunnville,  2  miles  above  the  mouth  of  the 
river,  giving  a  head  of  15.6  feet  and  an  estimated  1,685  horsepower;  (2)  the  raising  of  the 
present  dam  at  Downsville  4  feet,  giving  a  total  head  of  23.2  feet  and  an  estimated  2,480 
horsepower;  (3)  the  construction  of  a  dam  at  Irving,  with  a  total  head  of  21.9  feet,  giving  an 
estimated  2,260  horsepower;  (4)  the  raising  of  the  present  dam  at  Menomonie  2.8  feet,  thus 
obtaining  a  total  head  of  18.4  feet  and  an  estimated  1,800  horsepower;  (5)  the  building  of  a 
new  dam  near  the  "Omaha"  bridge,  2.8  miles  above  Menomonie,  with  a  head  of  16.6  feet  and 
an  estimated  1,700  horsepower;  (6)  the  raising  of  the  present  dam  at  Cedar  rapids  21.3  feet, 
giving  a  total  head  of  40  feet  and  an  estimated  3,800  horsepower.^  Recently  all  the  powers 
owned  by  Knapp,  Stout  &  Co.,  including  many  of  the  most  valuable  on  the  river,  have  been 


a  This  statement  is  ba.sod  on  a  careful  survey  for  the  owners  made  by  O'Keef  &  Orbison,  hydraulic 
engineers,  of  Appleton,  Wis.,  ana  an  estimated  run-off  of  0.461  sooond-foot  per  square  mile. 
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acquired  by  the  Wisconsin  Power  Company,  of  Chicago,  III. 
by  this  company  is  shown  in  the  following  table : 


The  location  of  10  dams  owned 


Dams  on  Red  Cedar  River  owned  hy  the  Wisconsin  Power  Company. 


Location. 


Sec.  25,  T.  »7  N.,  R.  lOW. 
Sec.  2,  T.  36  N.,  R.  10  W.. 
Sec.  25,  T.  36  N.,  R.  10  W. 
Sec.  30,  T.  36N.,  R.9  W.. 
Sec.  29,  T.  36N.,  R.  9  W.. 
Sec.  13,  T.34N.,  R.  10  W. 
Sec.  30,  T.  33N.,  R.  low. 

Downsville 

Menomonie 

Cedar  Falls 


Head.  . 

I 
Feet. 
14.0 
7.0 
12.0 
10.0 
10.0 
12.0 
10.0 
19.0 
15.5 
18.7 


Amount  of 
flowage. 


Cubic  feet. 
1,674,000,000 
405,000,000 

135,000,000 


Authority. 


U.  S.  engineers. 
Do. 

Do. 


40,500,000  ;  Do. 

810,000,000  Do. 

J.  W.  Orbison. 

Do 

'         Do. 


Railroads. — Between  the  mouth  of  Red  Cedar  River  and  Menomonie  the  Chicago,  Milwau- 
kee and  St.  Paul  Railway  closely  parallels  "the  river.  In  this  stretch  of  17  miles  are  situated 
the  most  important  powers.  Above  Menomonie  the  drainage  is  crossed  by  the  Chicago, 
Milwaukee  and  St.  Paul,  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha,  the  Wisconsin 
Central,  and  the  Minneapolis,  St.  Paul  and  Sault  Ste.  Marie  railwa3rs. 

EAU    CLAIRE   RIVER. 

Ranked  in  order  of  its  drainage  area  (900  square  miles),  Eau  Claire  River  is  third  among 
the  tributaries  of  the  Chippewa.  The  greater  part  of  this  area  is  underlain  by  the  Cam- 
brian sandstone,  and  all  except  the  upper  headwaters  drain  a  sandy-loam  soil,  as  will  be 
seen  from  PI.  11.  Like  most  of  the  neighboring  rivers,  the  Eau  Claire  has  been  an  impor- 
tant lumbering  stream,  with  many  flooding  dams.  Very  few  water  powers  have  been 
utilized.  The  first  develoi>ed  water  power  is  about  500  feet  from  the  mouth  of  the  river, 
where  a  dam  300  feet  long  develops  a  head  of  11  feet  to  run  a  linen  mill,  which  uses  only 
part  of  the  power  thus  furnished.  About  3,000  feet  farther  upstream  is  a  second  dam, 
with  an  average  head  of  13J  feet,  owned  by  the  Northwestern  Lumber  Company.  An 
installation  of  turbines  of  420  horsepower  is  reported.  This  is  used  in  running  a  sawmill, 
a  machine  shop,  and  dynamos.  The  same  company  reports  the  three  following  lumbering 
dams  on  this  river,  but  none  of  the  resulting  water  power  is  utilized  at  the  present  time. 
In  the  NW.  J  NE.  J  sec.  14,  T.  27  N.,  R.  9  W.,  is  a  dam  with  a  7-foot  head,  capable  at  ordi- 
nary low  water  of  furnishing  210  theoretical  horsepower.  In  the  SW.  J  NE.  J  sec.  13, 
T.  27  N.,  R.  8  W.,  is  a  timber  dam  with  a  head  of  8  feet,  which  could  easily  and  cheaply 
be  increased  to  20  feet,  thus  producing  at  ordinary  low  water  540  theoretical  horsepower. 
The  third  dam,  with  a  present  head  of  20  feet,  is  reported  in  the  SW.  J  SW.  J  sec.  5,  T.  26 
N.,  R.  6  W.  This  dam  has  not  been  used  for  many  years  and  is  much  in  need  of  repairs. 
There  are  many  other  opportunities  for  developing  water  powers  on  the  Eau  Claire  River, 
as  well  as  on  its  tributaries. 

JUMP  RIVER. 

As  its  name  would  imply.  Jump  River  is  a  very  rapid  stream,  with  numerous  faUs  and 
rapids,  making  a  descent  of  nearly  500  feet  in  its  entire  length  of  65  miles.  Its  drainage 
area  of  720  square  miles  is  a  long  and  narrow  one,  and  with  only  a  few  unimportant  excep- 
tions is  devoid  of  lakes  and  swamps.  As  a  result  the  river  has  a  very  uneven  flow  as  com- 
pared with  the  Flambeau,  which  stream  it  resembles  in  flowing  through  a  valley  whose 
soil  is  a  clayey  loam.     The  main  portion  of  the  Jump  River  valley  has  no  railrqads  and  is 
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sparsely  settled.  A  branch  of  the  Wisconsin  Central  is  now  being  built  across  this  drain- 
age. The  most  important  falls  on  the  river,  35  feet  in  height,  are  in  sec  20,  T.  34  N., 
R.  2  W.,  about  1  mile  east  of  the  junction  of  North  and  South  forks,  but  there  are  numer- 
ous other  dam  sites  of  15  to  20  foot  head,  which  will  doubtless  be  i^tilized  when  this 
section  is  settled. 

YELLOW   RIVER. 

The  drainage  area  of  Yellow  River  is  460  square  miles,  distributed  in  a  long,  narrow 
valley.  The  lower  half  of  the  vaUey  has  a  sandy  soil,  the  upper  part  a  clayey  loam. 
While  the  gradient  of  Yellow  River  is  not  so  great  as  that  of  its  neighbor,  Jump  River, 
it  has  a  rapid  current.  As  in  the  case  of  other  rivers  in  this  region  the  only  dams  built 
were  for  logging  purposes.  The  Miller  dam  is  said  to  be  the  only  one  remaining.  Three 
other  dams,  one  at  Colbum,  one  in  sec.  7,  T.  29  N.,  R.  5  W.,  and  one  at  Cadott,  have  all 
been  carried  away  by  floods.    The  river  is  crossed  by  three  railroads. 


SMALLER   TRIBUTARIES. 

Chippewa  River  has  a  host  of  smaller  tributaries,  nearly  all  of  which,  because  of  their 
rapid  currents  and  high,  rocky  banks,  can  be  cheaply  developed.  Duncan  Creek  is  a  good 
example  of  what  can  be  done  with  this  class  of  tributaries.  Although  only  25  miles  long, 
it  has  five  dams  with  an  aggregate  head  of  68  feet.  Four  gristmills,  with  a  total  turbine 
capacity  of  over  500  horsepower,  take  their  power  from  this  creek.  Below  the  "Star 
mills,"  in  the  city  of  Chippewa  FaUs,  is  an  unimproved  power  of  14-foot  head;  and  imme- 
diately below  this  site  is  a  dam  with  a  9-foot  head,  belonging  to  the  Gratzian  Shoe  Manu- 
facturing Company.  The  significant  point  regarding  powers  of  this  class  is  that  they  are 
cheaply  improved  and  very  widely  distributed.  The  locations  of  some  of  them  are  shown 
in  the  following  table: 

Dams  on  smaller  tributaries  of  Chippewa  River. 


Location. 


AakansHW  Cix«k,  Arkansaw. 

Bass  Creek,  Afton 

Bear  Creek,  Dunwd. 

Bridge  Creek: 

Augusta 

Sec.  18,  T.  26,  R.  6W 

Duncan  Creek: 

Chippewa  Falls 

Do 

Do 

Sec.  31,  T.  29N.,H.  8W.. 

Sec.  24,  T.  29N.,  R.  9W.. 


Sec.  8,  T.  30N.,R.9W.. 
EightA-enmile  Creek,  Colfax. 


Hay  Kiver,  Prairie  farm 

Jump  River: 

Sec.  20,T.  34N.,  R.  2  W 

Westboro 

Lowes  Creek,  sec.  4,  T.  26  N.,  R.  9  W. 
o  Undeveloped. 


Owner  and  use. 


Mills  <S[  Son,  gristmill 

Wm.  Denoger, flouring  mill. 
Durand  roller  mill,  flour.. . 


Dells  Milling  Co.,  flour.. 
F.  P.  Waddell 


GoUian  Shoe  Co 

Leinenkugel  Brewing  Co 

Leinenkugel  Co.,  flour 

G  len  mills,  flour 

G.  W.  Lockin,  Tilden  flour- 
ing mills. 

Bloomer  mills,  flour 


J.  A.  Anderson  ic  Son, grist 
and  saw  mill. 

P.  F.  Milling  Co.,  grist 


He»d. 

Feet.   I 
12  I 
9 
18 

20 
20 

9 
14 
16 
20 
10 

12 
14 


35 


InsUI- 
,  latioQ. 


n,p. 


2S 
40 
73 

60 


J>  Unused. 


W.J.Davis i       c30 

c  Could  be  raised  8  feet. 


350 
100 
70 

3D 

eo 


(•) 
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Dams  on  smaller  tributaries  gfChippevxi  River — Continued. 


Location. 


OwTiJ^r  and  uso. 


Head. 


Instal- 
I  lation. 


O'Neals  Creek,  west  branch: 
Sec.  26,  T.  31  N..R.9  W.. 

Near  month 


Eagle  Point 

Otter  Creek,  Fan  Claire. 
Pine  Creek: 

Lucas 


Sand  Creek. 
Dalles 


Plover  River: 

Shantytown 

Jordan 

Bevent . '. 

Rock  Creek,  sec.  22,  T.  27  N.,  R.  11  W 

Tiffany  Creek,  Boyceville !  A.  A.  Hoyr  &  Bro.,  grist. . . 


Feet.      H.  P. 


Wm.  Durch,  grist  and  saw 
mill.  I 

F.  G.  &  C.  A.  Stanley,  saw-  , 
mill. 

M.  Rosmus,  electric  light. . . ' 

R.  Clark,  flour 


T.  Teegarden.  grist  and  saw 
mill. 

A.  F.  Johnson,  grist  and 
saw  mill. 

J.  A.  Anderson,  grist  and 
saw  mill. 


S.Y.Bentley,  sawmill. 

A.  Van  Orden 

....do 

D.  W.  Andrews,  flour. . 


8 
22 

12 

18 

12 
6 

8 


30 

50 

150 
95 

80 
96 
50 


40 
100 


(«) 


75 


a  Undeveloped. 

ST.  CROIX  RIVER  SYSTEM. 

TOPOGRAPHY  AND  DRAINAGE. 

St.  Croix  River  rises  at  an  elevation  of  1,010  o  feet,  in  St.  Croix  Lake,  on  the  Lake  Supe- 
rior divide,  only  20  miles  from  Lake  Superior.  The  lower  two-thirds  of  its  length  forms  a 
part  of  the  Minnesota  boundary.  In  its  total  length  of  168  miles  it  descends  344  feet,  all 
but  20  feet  of  which  is  in  the  upper  116  miles,  making  the  average  for  this  upper  portion 
nearly  3  feet  per  mile.  This  slope  is  fully  six  times  the  slope  of  Mississippi  River  above 
Minneapolis,  and,  according  to  United  States  engineers,  has  an  important  l)earing  on  the 
relatively  large  run-off  as  compared  with  Mississippi  Valley  above.  Another  important 
feature  of  this  region  is  its  relatively  small  number  of  lakes,  these  forming  only  3  per  cent  of 
the  total  drainage  area  as  compared  with  11  per  cent  in  Mississippi  Valley  above  Minne- 
apolis.a  Evaporation  on  lake  surfaces  is  probably  nearly  equal  to  the  precipitation  for 
the  corresponding  period.  The  total  drainage  are*  comprises  7,576  sqaare  miles,  the 
greater  part  of  which  is  in  Wisconsin.  The  Wisconsin  portion  has  a  width  of  50  miles  on 
its  northern  margin  and  extends  southwesterly  toward  Mississippi  River,  a  distance  of  about 
150  miles. 

The  topography  may  be  described  under  three  heads— (1)  the  level  area,  (2)  the  rolling  and  swelling 
hill  districts,  and  (3)  the  knoll  and  basin  combination.  The  first  Includes  the  so-called  "barrens" 
which  border  the  streams  and  some  elevated  plateaus,  togetjior  with  smaller  scattered  areas.  The 
third  class  may  be  described  as  a  belt  lying  near  the  southeastern  watershed  and  stretching  from  the 
vicinity  of  Lake  Namekagon  southwestward  to  the  St.  Croix.  The  second  class  includes  most  of  the 
territory  which  remains,  b 

Marshes  are  quite  as  infrequent  as  the  lakes  and  occur  only  on  the  river  bottoms.  Not 
half  of  the  lakes  are  visibly  connected  with  the  rivers,  but  because  of  the  open  soil  they  are 
likely  to  have  underground  connection.  There  are  usually  lumbering  dams  on  such  lakes 
as  have  outlets,  and  these  lakes,  together  with  the  numerous  smaller  depressions,  play  an 
important  part  in  the  preventing  of  freshets.  The  lakes  of  this  region  arrange  themselves 
into  two  groups — one,  lying  mostly  in  the  "  barrens,"  adjacent  and  parallel  to  the  upper  St. 


a  Repts.  Chief  Eng.  U.  8.  Army,  1881, 1883. 
b  Geol.  Wisconsin,  vol  3, 1880,  p.  370. 
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Croix  and  extending  southwest  from  its  source  to  the  point  where  the  stream  turns  south- 
ward, and  a  second  group  in  the  extreme  southeastern  portion  of  this  region,  occurring  in 
the  depressions  of  the  "Kettle  moraine."  As  the  water  of  this  region  flows  almost  exclu- 
sively over  the  crystalline  rocks  and  sandstones,  or  the  drift  derived  from  them,  it  is  in 
general  soft,  though  usually  amber  colored.  Springs  are  very  conmion,  many  of  the  lakes 
being  fed  almost  entirely  by  them.  They  are  especially  frequent  in  the  Cambrian  sand- 
stone and  tend  to  equalize  the  flow  of  all  the  streams. 

The  apportionment  of  drainage  areas  is  shown  in  the  following  table: 

Distancts  and  drainage  areas  of  St.  Croix  River, 


River.* 


St.  Croix,  source.. 
Eau  Claire: 

Abovo  mouth. 

Mouth 

Namekagon 

Yellow 


Clam: 

Above  mouth. 
Mouth 


Distance 

from 
source 

(map 
measure). 


Diainag9 


above 
station. 


MiUs.    Sq.  miUt. 


6.5 
6.5 
38.0 

50.0 : 


117 

224 

1,451 

2.0»4 


Kettle: 

Above  mouth 

Mouth 

Snake 

Wood 

Sunrise 

St.  Croix,  St.  Croix  rapids, 

Apple 

WUlow 

St.  Croix,  mouth 


64.0  1 

2,428 

64.0 

2,844 

75.0 

3,046 

75.0 

4,139 

79.0 

5,097 

84.0 

5,281 

100.0 

5.857 

130.0 

6,202 

138.0 

6.951 

151.0 

7,301 

168.0  1 

7,576 

o  Station  Is  at  mouth  of  river,  unless  otherwise  stated. 

PROFILE. 

The  following  table  gives,  upon  the  authority  of  United  States  engineers,  elevations 
above  the  sea  and  gradients  per  mile  of  St.  Croix  River  at  twenty  points  between  its  mouth 
and  its  source: 
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Profile  of  St.  Croix  RiiYrfrom  its  mouth  to  St.  Croix  Lake. 


Station. 


Pre«jott.  mouth  of  river 

Kimiikimiic  River,  mouth 

Apple  River,  mouth 

Osceola 

St.  Croix  Falls  (head  of  navigation) . 

Trade  River,  mouth 

Sunrise  River,  mouth 

Rush  City,  ferry 

Sec.35,T.38N.,R.20W 

Snake  Riv^r,  mouth 

Kettle  River  rapids,  foot 

Kettle  River,  mouth 


Kettle  River  mpids,  head  (proposed  U.  S.  dam,  sec.  2, 
T.  39  N.,  R.  19  W) 

Clam  River,  mouth 

Sec.  1,  T.  40  N.,  R.  18  W 

Yellow  River,  mouth 

Namekagon  River,  mouth 

Moose  River,  mouth 

Sec.  35,  T.  44  N.,  R.  13W.: 

Below  dam 

Above  dam 

St.  Croix  Lake 


Distance. 

Eleva- 
tion 

Descent  be- 
tween points. 

From 
mouth. 

Between 
points. 

above  sea 
level. 

Total. 

Per 
mile. 

Mil0e. 

Afiles. 

Feet. 

teet. 

Feet. 

0.0 

a  667.0 
668.0 

5.0 

5.0 

1.0 

0.2 

28.0 

23.0 

672.0 

4.0 

.2 

42.0 

14.0 

683.0 

11.0 

.8 

48.0 

0.0 

687.0 

4.0 

.7 

GO.O 

12.0 

763.0 

6.6 

6.5 

65.0 

5.0 

758.5 

5.5 

l.I 

75.0 

10.0 

773.0 

14.5 

1.4 

79.0 

4.0 

±782.0 

9.0 

2.2 

86.0 

7.0 

±790.0 

ao 

1.1 

80.0 

3,0 

±801.0 

11.0 

3.7 

90.0 

1.0 

±8iao 

15.0 

15.0 

93.0 

3.0 

±850.0 

34.0 

11.3 

101.0 

8.0 

4  868.0 

18.0 

2.2 

103.5 

2.5 

874.0 

6.0 

2.4 

115.0 

11.5 

888.0 

14.0 

1.2 

127.0 

12.0 

908.0 

20.0 

1.7 

139.0 

12.0 

1,001.0 

93.0 

7.7 

144.0 

6.0 

1,001.5 

.5 

.1 

144.0 

.0 

1,005.3 

3.8 

160.0 

lao 

1,010.0 

4.7 

.3 

a  Low-water  elevation. 

GKOLOGY. 

Almost  the  entire  watershed  has  been  glaciated  to  such  an  extent  that  outcrops,  except 
near  the  rivers,  are  very  infrequent.  According  to  the  reports  of  the  Wisconsin  Geological 
Survey,  the  central  and  by  far  the  greater  portion  of  this  area  is  underlain  by  the  pre-Cam- 
brian  crystalline  rocks  known  as  the  "  Keweenawan."  This  belt  narrows  toward  the  south, 
giving  way  both  on  the  east  and  west  to  the  Cambrian  sandstones.  These  pre-Cambrian 
crystalline  rocks  intersect  St.  Croix  River  at  St.  Croix  Falls,  and  because  of  their  greater 
hardness  have  caused  the  falls  and  rapids — the  most  important  on  the  entire  river — which 
extend  for  6  or  7  miles  above  the  city  of  Taylors  Falls,  Minn. 

RAINFALL  AND   KUN-OFF. 

The  United  States  Geological  Survey  has  maintained  a  gaging  station  3i  miles  above  St. 
Croix  Falls,  Wis.,  since  1903.  The  gage  heights  are  referred  to  four  iron  pins  on  the  right 
bank  just  below  the  gaging  station,  the  elevations  of  which  are  referred  to  the  datum  of  the 
bench  marks  of  the  St.  Croix  River  sur\'ey.    Their  elevations  are  as  follows. 

Feet. 

Pin  No.  1 732.08 

Pin  No.  2 734.  54 

Pm  No.  3. . . . , 736. 10 

Pin  No.  4 737.57 

A  large  number  of  measurements  were  obtained  during  1903,  and  the  gage  was  read  daily 
by  V.  H.  Caneday.  Discharge  measurements  were  made  from  a  boat  held  in  place  by  a  wire 
cable  stretched  across  the  river  between  two  trees.    The  initial  point  for  soundings  is  a  ver- 
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tica!  rod  on  the  left  bank.  The  channel  is  straight  for  about  800  feet  above  and  1,000  feet 
below  the  station,  while  the  banks  are  high  and  can  not  overflow.  The  section  is  regular, 
smooth,  and  permanent,  and  the  velocity  is  never  sluggish,  making  this  on  the  whole  a  sta- 
tion at' which  good  results  are  obtainable.  The  drainage  area  at  this  point  is  6^0  square 
miles. 

Discharge  measurement  of  St.  Croix  Riiyr  near  St.  Croix  FalU,  Wis.,  in  1903. 


Date. 


Ilydrographer. 


Discharige. 


190?. 

May  22 E.  Johnson,  Jr.. 

August  U W.  K.  Hoag 

OctolxT  9 L  R.  Stockman. 


Feet.      Second-fret. 
4.00  10,747 

2.70  7.470 

3.84  .  10.244 


Discharge  data  relating  to  St.  Croix  River  near  St.  Croix  Falls,  Wis.,  obtained  tlirough  the 
United  States  Geological  Survey,  have  been  supplement^  by  data  supplied  by  Loweth  & 
Wolf,  civil  engineers,  of  St.  Paul,  Minn.     The  results  are  embodied  in  the  following  table: 

Daily  discharge,  in  second-feet,  of  St.  Croix  River  near  St.  Croix  Falls,  Wis.,  January  10, 1902, 

to  December  SI,  190 Jf. 


Day.     Jan.  ^   Feb,       Mar.    |    Apr.       May.       Juno      July. 


1902. 

1 

2 

3 

4 

5 

6 ' 

'^"'\'^'". 

9....' 

10....  1.89.5 

11. ...|  1.910 

12 !  l,8r>0 

13....'  1.850 

14 '  1.685 

15....  1.7(i5 

16....  1,775 

17 1,795 

18....;  1.880 

19....  1.860 

20. ...i  1,920 

21....  1.875 

22 1.930 

23 1,860 

24.... I  1.950 

25 '  1,98.5 

26.... I  1.975 

27....  1.950 

28....  1,930 

29 1.920 

30....!  1'*^ 

31. ...i  1,890 


1,820 

1,875 

1.930 

1,700 

1,760 

1.755 

1,750 

1,770 

1,765 

1,760 

1,750 

1,750 

1,815 

1,870 

1,990 

1.990  * 

1.990 

1,990 

1,990 

1.990  j 

1.990  ! 

1.990 

2,027 

2.0(>5 

2.110  I 

2,180 

2,2<'i0 

2.480 


2. 425 
2,442 
2,460 
2,300 
2,370 
2,420 
2.270 


4.650 
4,995 
4.650 
4.600 
4,035 
3.470 
3,110 
3.117 
3,125 
3,125 
3,125 
3,037 
2,950 


2,910 
2,840 
300 
400 
2.750 
2,515 
2.280 
2.280 
2.190 
2.110 
1,990 
1.870 
1,468 
2,065 
2,020 
2,170 
2,070 
5,190 
1,510 
1.005 
500 
5.540 
440 
510 
1,050 
2,760 
3,025 
3,290 
3,480 
3,750 


3.930 

4,090 

3.910 

3.920 

3,935 

4,900 

3.980  I 

4.880    . 

4.560 

4,590 

4,450 

6,850 

6,150 

6,250 

4,780 

4,875 

4.820  ' 

4,940 

5,0(i5 

5,300  ' 

5,870 

7.080 

9.600 

7,250 

6,420 

5,585 

5.760 

5.090  ' 

6.070  I 

4.930 

5,290    , 


6.150  , 
5,010 
4,480 
9,798 
11.871 
10,956 
10.610 

9,261 
10,468 
6.810  ■ 
7,600  I 
^,289  ' 
4,780 
6,350 
4,220 
3,420 
3,680 
6.350 
3,780  I 

960 
3,300 
3,400 
6,000  \ 
3,660 
4,146 
4.380 
4,200 
2,650 
4,690 


Aug.    I   Sept. 


Oct.        Nov,       Dw- 


6,690 
4,490 
4.830 
4,700 
7.350 
5,200 
12.106 
11,693 
11,137 
12,947 
8,978 
7,980  ; 
6,700  I 
6,060 
5,780  , 
4,860 
4,380 
3,800 
5.210 
2,850 
3,405 
3,630 
3,600 
3.185 
2,660 
7,260  I 
.850 
760  j 
2,616  I 
2,515  I 
2,610  I 


2,270 

1,725 

1,740 

1,730 

1,790 

1.680 

1,825 

1,840 

1,870 

1,700  ' 

2.035 

2.560 

2,260 

2,650 

1,980 

2,220 

1,660 

4.110 

1,990 

3,500 

3,970 

1,720 

1.680 

1,500 

1,120 

1.640 

1,015 

1,650 

1,570 

1,356  1 

1,690 

1,355  ' 

1,660 

1,540 

1,600 

1,480 

1,510 

1,120 

1,500 

'     610 

1.480 

2,800 

1.480 

2,070  ! 

1,675 

2,540 

1,496 

2,365 

1,406 

1.066 

3,860 

1,136 

1,860 

1,120 

1,740 

3,060  , 

1,465 

2,210  1 

6,995 

2,310 

1,796 

2.330 
2,390 
2,395 
1.685 
2.150 
2,445 
2,390 
2,290 
2,050 

930 
3.950 
1.960 
2.040 
2,000 
1,915 

800 

845 
3,600 
1,940 
1,925 
2,040 
1,960 
2.040 

850 
1,100 
2,300 
2,310 
2,660 
2,890 
1,876 
2,840 


5.190  2.480 
3,950       2.555 

3,290  ' 

4.740    

3.910  ' 

4,180  ' 

4.030  ' 

4,740    

4,500    

3,290    

2.9G0    

3,195    

4.30O  2.370 
4,530  2,2S0 
4.900  2,150 
4,600  2,080 
4,700  2,015 
4.680  2.110 
5,160  2,180 
3,690  2.0S6 
4,665  2.040 
4,160  2.000 
4,250       2.090 

4.060    

3,720    

3,555  I 

3,680  ; 

3,060    

3,050  2.060 
2,060  2,060 
2,046 
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DaUy  discharge,  in  secondrfeet,  of  St.  Croix  River  near  St.  Croix  Falls,  Wis.,  January  10, 1902, 
to  December  31.  i904— Continued. 


Day.     Jan.  ,  Feb. 


1903. 

1.,.. 

2.... 

3.... 

4.... 

5.... 

C... 

7.... 

8.... 

9... 
10.... 
U.... 
12.... 
13.... 
14.... 
15.... 
16.... 
17.... 
18.... 
19.... 
20.... 
21 ... . 
22.... 
23.... 
24.... 
25.... 
26.... 
27.... 
28.... 
29.... 
30.... 
31..., 

1904. 
1..., 
2..., 
3... 


2,055 
1,940 
1,940 
1,910 
1,880 
1,930 
1,945 
2,010 
1,930 
1,850 
1,875 
1,900 
1,930 
1,960 
1.080 
1.870 
1,770 
1,815 
1,870 
1,780 
1,980 
1,730 
1,820 
1,800 
1,865 
1,930 
1,990 
2,050 
1,980 
1,835 
1.970 

2,390 
2.390 


Mar.       Apr.   i  May.   ,  June. 


1,950 
1,935 
1,760 
1,830 
1,900 
2,015 
1.930 
1.915 
1,895 
1,945 
1,950 
1,880 
1,975 
1,930 
1,870 
1,840 
1.870 
1,970 
1.850 
1,700 
1,745 
1,8^0 
1,910 
1,950 
1,945 
1,820 
1,880 
1,970 


July.      Aug.       Sept.   ,    Oct. 

I 


Nov. 


1,940 
1,920 
1,920 
1,960 
1,965 
1,885 
1,990 
2.050 
2,110 


6,770  I 
9,800 
10,750  I 
12,220  ' 

10,350 
8,850 
11,645 
17,975  I 
16,438  I 
18.272  I 
20,166 


8,920  I 
9,555  I 


15,200 
15,611 
15.176 
13,835 
12,150 

9.245 
16. 157 


1. . . . 
5 

6..    . 

7. 

3,660 

8.... 

3,140 

9.... 

2,810 

10.... 

(2.820) 

11.... 

2,840 

12.... 

2,600 

13.... 

2,340 

14.... 

2,660 

15.... 

2,680 

16.... 

2,630 

17.... 

(2,410) 

18.... 

2,200 

19.... 

2,480 

20.... 

2,460 

no 

090  I 
060  ' 
040  I 
080  ' 
670  I 
040) 
020  j 
160 
110 
000  j 
160  I 
000 
140)! 
280) 
430 
430  I 
460  I 
410  I 
450  ; 


4,030 
4,530 
6.480 
9.890 
11.440 
11,460 
11,480 
10,740 
9,660 
10,100 
9,530 
8.725 
8,590 
8,445 
8,160 


2,580 
2,570 
2,520 
2,390 
2,290 
2,390 
2,490 
2,600 
2,500 
2,560 
2,590 
2,640 
2,650 
2,660 
2,700 
2,740 
2,690 
2,700 
2,750 
(«) 


15,382 
14,080 
12.800  I 


12,540  I 
10,260  ; 


6,800 
9.740 
9,205 
8,790 
10, 460 
10,080 
8.925 


13,830 
13,790 
10,580 
11,230 
11,665 
12,100 
9,680 
12,020 
12,640 
11,420 
10,040 
(9. 160) 


10,420 

(9,490) 
8,560 
7,910 
7,340 

(6,805) 
6,270 
6,010 
5,760 
5,160 
6,190 
7,320 

(6.910) 
6.500 
5.825 
5,130 
5,755 
4,300 


1,642  I 
2,700 
2,710 
2,640 
2,545 
(2,475) 
(2.420) 
2,360 
907 


251  I 
[,030 


8,640 


880 
156 
870 
630 
437) 
245 
250 
200 
915 
790 
035 
592) 
150 
540 
.375 
990 
830 
590 
670) 
750 
770 
730 
485 
570 


4,570 
4,800 
5,050 
6,170 
6,710 
1,600 
7,900 
(7,600) 
(7,280) 
7,170 
4,830 
5.510 
5,  .340 
5,350 
(4,792) 
4,235 
4,150 
3,460 
3,680 
4.360 
4,740 


Dec. 


3,220 


560 
130  I 
000) 
080  j 
873  I 
390  j 
930  ' 
900 
300 
600) 

oeo 

010 

590 

910 

560 

,010 

,460) 

,920) 

,380   6,860  ^  8 

,850  ,  5,250   9 

aMarch20to 


8,400 

7,590 

7,540 

7,480 

7,380 

8,290 

8,790 
(10,320) 
(11,850) 
13,370 
11,300  I  12, 

9,490    (12, 

8,560  I  ir 

8,980 

8,660  I 

8,310 

7,280 

7,820  I 


1] 


340 
520 
050 
950  I 
560) 
180 
920 
460 
650 
940 
610 
07P) 
530 
,320 
880 
,540 
,628 
,140 
,710 
,280 


6,170 
5,850 

(3,630) 
1,410 

(3,010) 
4,610 
4,780 
4,610 
4,970 
2,960 
950 
3.480 
3,860 
3,750 
3,890 
3,990 

(2,530) 
1,080 
1,140 
3,760 


840 
1,080 
1,480 
3,460 
2,260 
1,990 
2,040 
2,100 
2,210 
2,100 
2,000 
2,300 
2,340 


(1.750) 

1,160 

960 

1,430 

3,370  1 

1.920 

2,240 

4,530  ' 
4,610 

(4.750) 
4.900 
4,870 
6,040 
4,690 
4,600 

(4,030) 

(3,460) 
2,820 

(2,380) 
1,940 
2,150 
3,480 
3,190 

(3.160) 
3,140 
2,890 


3,950 
(3,840)! 

3,720  I 

3,360 
11,310 

1,240 
(2,800) 

4,690 
(.3.400) 

2,120 
10,430 
15,020 
14,270 
13,800 
12,560 

10,060 
10,760 
10,310 
12,710 


8,780 
8,040 
7,590 
6,780 
3,280 
(4.230) 
5,230 
5,440 
6,700 
4,900 
5,330 
5.600 
(5,540) 
6,470 
6,250 
4.970 
4,770 
4,570 
4,480 
(4,340) 


1,690 
1,760 
2,210 

(2,400) 
2,620 
2,740 
2,890 
2.970 
2,770 
2,820 

(2,820) 
2,830 
2.  .500 
2,420 
2,220 
2,380 
2,330 
2,320 
2,300 
2,380 


25.  ice  going  out. 
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Daily  discharge ^  in  second-feet,  of  St.  Croix  River  near  St.  Croix  Falls,  Wis.,  Ja/iuary  10, 190^, 
•  to  December  SI,  7904— Continued. 


Day.  Jan. 

1904.  I 
21 ... . 
22.... 
23.... 
24.... 
25.... 
26.... 
27.... 

28 

29.... 

30. ...1  2.250 

31. 


Feb. 


Mar. 


2,440 

(i370) 

2,630 

2,290 

2,620 

2,330 

(2,570) 

2,230 

2.520 

2,280  ' 

2,330 

2,410 

2.390 

2,460 

2,280 

2,480 

2,270 

2,520 

I 


Apr. 


7,490 
'  7,530 
11,260 
(10,810) 
10.360 
11,170 
11,230 
10.769 
10,850 

9.490 


3,090 
(3,370) 
3,660 
3,300 
3,770 
4,510    6,440 


May. 


June. 


6,390 
(6.900) 
(7,600) 
8,000 
7,790 
8,760 
8,030 
7,390  ' 
(6,700)1 


6,730 
5,630 
5,820 
4,960 
5,190 
(3,380) 
1,570 
4,850 
5,330 
5,320 


July. 


3,420 
3,170 
3,270  ' 
(2,240)' 
1,210 
1,050 
2,580 
2,780 
2,720 
2,810 


Aug. 


(3,760) 
5,290 
4,380 
2,520 
2,970 
2,510 
2,480 

(2,230) 
1,960 
2,260 

(3,000) 


Sept.       Oct.       Nov.    '  Doc. 


2,750 
2,380 
2,460 
2,700 
(3,240) 
3,790 
3,3b0 
3,500 

3,580  ; 

(3,880) 


(15,700) 
18,700 

(18,010) 
17,330 
16,180 
15,540 
12,710 
12,910 
10,500 

(10,410) 
10,230 


4.190 
4.020 
4.000 
4,120 
3,720 
3,710 

(3,300) 
2,890 
2.800 

(2,250) 


2,160 
2,440 
2,340 
2.390 

(2,420^ 
2,450 
2,460 
(2,440) 
(2.420) 
(2.400) 
2,380 


Estimated  monthly  discharge  of  St.  Croix  River  at  St.  Croix  Falls,  Wis.,  for  1902,  J90,i,  and 

190i. 

[Drainage  area,  6,370  square  miles.] 
DiBchargc. 


Date. 


January. . . 
February . . 

March 

April 

May 

June 

July 

August 

September. 

Octoler 

Noveml)er. 
December . . 


The  year. 


1903. 


Maxi- 
mum. 


Sec. -feet. 
1,980 
2,480 
5,000 
5,560 
9,000 
11,870 
12,106 
6,000 
4,100 
3,600 
5,200 
2,550 

12,106 


Mini- 
mum. 


Mean. 


Run-off. 

Per      I  Rainfall. o 

square      Depth.   I 
mile.  ' 


Sec. -feet.  Sec-feet.' Sec-feet.'  Inches,  i  Inches. 

0,90 
.54 
.69 
2.06 
3.00 
3.50 
6.30 
2.82 
3.26 
1.58 
2.76 
2.16 


1,680 

1,880 

0.31 

0.36 

1,700 

1,880 

.31 

.36 

2,380 

3,300 

.60 

.69 

200 

2,220 

.37 

.41 

4,100 

2,020 

.33 

.38 

960 

5,950 

.99 

1.14 

760 

5,500 

.92 

1.06 

1,«20 

1,860 

.31 

.36 

400 

1,860 

.31 

.36 

800 

2,000 

.33 

.38 

2,550 

4,080 

.68 

.77 

2,020 

2,100 

.35 

.40 

200  I 


2,912 


.48 


6.67 


29.7 


January 2, 040 

February 2,020 

March 1 1 ,  480 

April 20.185 

May I  16,157 

June 7,900 

July I  11,620 

August '  7, 900 

September j  14, 918 

October '  29,611 

November 7,000 

December I  3, 440 


The  year 29, 611 


1,920 
1,880 
5,500 
12,000 
12,700 
5,050 
6,360 
4,850 
11,750 
12,780 
4,270 
2,740 


6  251 


6,816 


.32 

.31 

.92 

2.00 

2.12 

.84 

1.06 

.81 

1.96 

2.13 

.71 

.46 


.37 

.36 

1.05 

2.30 

2.43 

.96 

1.21 

.92 

2.26 

2.44 

.81 

.52 


1.14 


15.63 


1.97 
2.78 
5.78 
1.69 
6.75 
4.77 
7.27 
4.11 


38.22 


o  This  is  the  average  of  the  recorded  precipitation  at  Barron,  Duluth,  Grantsburg,  Hayward,  Oaoeola, 
and  St.  Paul. 

6  Low  water  due  to  the  manipulation  of  a  lumbering  dam  a  few  miles  above. 
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Estimated  monthly  discharge  of  St.  Croix  River  at  St.  Croix,  Falls,  Wis.,  for  1902, 1903,  and 

i904— Continued. 


Date. 


1904, 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge 

Run 

-off. 

Maxi- 
mum. 

Mini- 
mum. 

Sec. -feet. 

Mean. 

Per 
square 
mile. 

Depth. 
Inches. 

Rainfall. 

Sec-feet. 

Sec-feet. 

Sec-fret. 

Inches. 

2,840 

2,200 

2,600 

.43 

.48 

.64 

2,480 

2,000 

2,238 

.37 

.42 

1.18 

4,510 

2,290 

2,832 

.47 

.53 

1.19 

18,300 

5,660 

10,748 

1.79 

2.01 

1.65 

13,370 

5,250 

8,176 

1.36 

1.53 

3.78 

17,920 

4,850 

8,868 

1.48 

1.66 

5.58 

5,850 

950 

3,145 

.52 

.58 

4.64 

3,460 

840 

2,334 

.39 

.44 

3.84 

5,040 

1,940 

3,544 

.59 

.66 

5.75 

18,700 

1,240 

10,560 

1.76 

1.98 

5.47 

8,780 

2,800 

4,843 

.80 

.90 

.05 

2,970 

1,690 

2,441 

.40 

.45 
11.65 

.99 

18,700 

840 

5,194 

10.36 

34.77 

WATER  POWERS. 


In  the  lower  48  miles  of  its  course  the  St.  Croix  River  has  its  bed  in  the  Cambrian  sand- 
stone or  "Lower  Magnesian"  limestone,  principally  the  former,  which  it  has  succeeded  in 
wearing  down  neariy  to  base  level,  giving  steamboat  navigation  from  Taylors  Falls,  Minn., 
to  Mississippi  River.  Its  descent  in  this  distance  of  48  miles  is  only  20  feet  at  low  stages, 
nearly  all  of  which  is  found  in  the  upper  half  between  Stillwater  and  Taylors  Falls.  At  Still- 
water, 223  miles  above  the  mouth  of  the  river,  the  sandstone  bluffs  rise  steeply  on  either  side 
to  a  height  of  150  to  200  feet,  and  the  river  rapidly  narrow's.  The  bluffs  continue,  generally 
with  a  flat  on  one  side,  between  Taylors  Falls  and  Stillwater.  In  the  24  miles  below  Still- 
water the  river  averages  about  half  a  mile  in  width,  with  a  maximum  of  7,000  feet  at  the 
expansion  of  the  river  known  as  St.  Croix  Lake,  below  Stillwater.  For  several  miles  here, 
ac<?ording  to  reports  of  United  States  engineers,  the  river  is  almost  without  gradient. 

The  portion  of  the  St.  Croix  above  Taylors  Falls  abounds  in  undeveloped  powers.  Except 
near  the  headwaters  of  St.  Croix,  Totogatic,  and  Namekagon  rivers  and  a  small  area  served 
by  a  branch  line  of  the  Northern  Pacific,  running  to  Grantsburg,  this  region  is  without  rail- 
road facilities.  The  following  detailed  description  of  the  main  river  above  St.  Croix  rapids, 
taken  from  the  Tenth  Census,  1880,  gives  the  most  trustworthy  information  of  the  region 
obtainable: 

From  the  mouth  of  the  Eau  Claire  to  that  of  the  Namekagon  River  there  is  a  descent  of  100  feet,  or  4 
feet  per  mile,  and  many  rapids  occur,  among  which  Copper  Mine  rapids  may  be  mentioned.  Above  the 
mouth  of  the  Namekagon  the  ordinary  low-water  power  under  a  head  of  10  feet  would  be  150  horsepower. 
The  Namekagon  River  increases  this  to  600  horsepower. 

In  the  12  miles  from  the  mouth  of  the  >'amekagon  to  the  Yellow  River  the  total  fall  is  20  feet,  Including 
Dig  Island  rapids,  State  Line  rapids,  and  Bishops  rapids.  Each  of  the  first  two  is  described  as  afford- 
ing fine  opportunities  for  developing  water  powers.  At  Big  Island  rapids  the  river  runs  close  to  the 
bluffs  on  the  left  bank,  but  a  dam  would  need  to  extend  some  distance  across  the  flat  on  the  right. 

From  tfce  mouth  of  the  Yellow  River  to  the  head  of  Kettle  rapids,  a  distance  of  21  miles,  the  average 
slope  is  1 .8  feet  per  mile,  there  being  no  rapids  of  special  importance.  1 1  is  very  probable  that  available 
water-power  aites  can  be  found  in  tliis  section. 
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8T.  CROIX  RAPIDS. 

The  St.  Croix  rapids  offer  fine  opportunities  for  water  power,  and  were  uaed  at  one  time,  bat  now  the 
river  flows  unemployed.  There  is  a  total  descent  of  55  feet  in  the  6  miles  wM^  may  be  included  under 
the  name  of  St.  Croix  rapids.  Several  local  names  are  indefinitely  applied  at  different  points.  At  the 
foot  are  Taylors  Falls,  about  three-quarters  of  a  mile  above  are  St.  Croix  Falls,  then  Turtle  Falls,  etc. 
Strictly  speaking,  there  are  no  falls  in  the  entire  distance,  only  a  more  rai^d  decline  in  the  bed  at  certain 
places. 

The  village  of  Taylors  Falls  is  situated  in  Minnesota,  at  the  foot  of  the  rapids,  alx>ut  50  miles  above 
the  mouth  of  the  river,  at  the  head  of  navigation.  St.  Croix  Fails,  a  village  of  Wisconsin,  is  situated 
upon  the  slope  overlooking  the  river  from  that  side,  nearly  oppoisitc  Taylors  Falls.  Directly  below  tlie 
rapids  the  river  enters  the  Dalles  of  the  St.  Croix,  where  for  half  a  mile  or  more  it  {Misses  between  verticaL 
oliffs  of  trap  rock  with  sharp  edges  and  bold  angles.  Just  above  the  entrance  into  the  Dalles  the  water 
way  is  so  contracted  that  when  the  river  is  high  the  water  forms  a  fall  of  neaiiy  5  feet  before  it  can  over- 
come the  resistance,  but  there  is  no  very  rapid  descent  there  in  low  water.  It  is  to  this  i>ortion  of  the 
river  that  the  name  of  Taylors  Falls  is  given. 

Above  the  Dalles  the  rock  continues  in  the  bed,  and  to  a  certain  extent  in  the  banks  of  the  river,  bot 
the  valley  spreads  considerably.  On  the  Minnesota  side  the  bank  rises  steep  from  the  river  for  30  or  40 
feet  at  the  lower  part  of  the  rapids.  Back  from  this  for  several  hundred  feet  is  a  nearly  lervel  plain. 
swampy  in  places;  and  boimding  this  are  the  bluffs,  rising  fully  100  feet  higher.  At  the  foot  of  the 
rapids  the  plain  narrows  and  is  lost  in  the  Dalles.  On  the  Wisconsin  side,  in  the  vicinity  of  St.  Crotx 
Falls,  the  slope  is  rather  more  uniform  up  to  the  general  level  of  the  country.  At  the  entrance  into 
the  Dalles  the  river  is  scarcely  more  than  100  feet  wide.  At  St.  Croix  Falls,  three-quarters  of  a  mile 
above  Taylors  Falls,  it  is  between  200  and  300  feet  wide,  the  average  width  of  the  river  in  this  part 
of  its  course. 

The  portion  of  the  rapids  known  as  St.  Croix  Falls  presents  the  most  favorable  site  for  improvement 
of  the  power,  and  here  a  dam  was  once  built  and  sawmills  were  run.  The  bed  is  solid  rock,  and  the 
banks  rise  abruptly  from  the  river  on  both  sides.  On  the  Minnesota  ride  a  large,  high  mass  of  trap  rock 
stands  out  in  the  channel  and  forms  a  natural  abutment  for  a  dam;  on  the  Wisconsin  side  the  rock 
bank  rises  to  a  considerable-  height  above  the  water  in  a  rib,  and  back  of  it  is  a  depression  which  leads 
to  the  slope  upon  which  the  village  of  St.  Croix  Falls  is  situated.  The  improvement,  long  since  gone  to 
ruin,  consisted  of  a  dam  built  across  the  river  at  the  point  described,  and  a  race  blasted  through  the 
rock  in  the  line  of  the  depression  on  the  Wisconsin  side  and  then  carried  down  the  slope  along  the  rivo* 
f ront,  giving  a  head  of  25  or  30  feet.  The  dam  was  a  very  extensive  structure,  raising  the  water  to  a 
height  of  25  feet  when  in  good  condition.  It  was  300  feet  long,  34  feet  wide  at  the  top,  and  only  60  fc*t 
wide  at  the  base.  .  .  .  Thesamenaturalfacilitiesexistfor  developing  the  water  power  as  formeriy. 
...  If  the  dam  were  built  so  as  to  give  a  head  of  about  40  feet,  which  is  practicable,  a  race  could  be 
carried  down  the  plain  on  the  Minnesota  side  for  a  long  distance  as  readily  as  on  the  Wisconsin  shore. 
The  pond  would  proI)ably  back  the  water  4  or  5  milea,  and  would  not  overflow  much  land.  With  the 
ordinary  low  flow  the  power  under  a  head  of  30  feet  is  7,81 1  theoretical  horsepower,  and  under  a  head  of 
40  feet,  10,415  theoretical  horsepower.  With  the  yearly  average  flow  it  is  17,266  theoretical  horsepowo* 
under  a  head  of  30  foot,  and  23,021  theoretical  horsepower  under  40  feet.  There  is  about  5  feet  of  fall  in 
the  river  from  the  site  of  the  dam  to  Taylors  Falls.  Here  is  an  excellent  site  for  the  construction  of  a 
dam,  which  would  scarcely  be  more  than  100  feet  long,  but  the  vertical  cliffs  come  close  to  the  river  Just 
below,  leaving  only  room  for  a  small  steamboat  landing,  without  space  to  erect  extensive  manufactories. 

KETTLE  BIVEB  RAPIDS. 

The  Kettle  River  rapids  are,  next  to  the  St.  Croix  rapids,  the  most  prominent  on  the  river.  They 
start  2J  miles  above  the  mouth  of  the  Kettle  River,  which  enters  from  the  west,  and  end  1 J  mika  below 
it.  In  this  length  of  4  miles  the  total  fall  is  49  feet,  of  which  34  feet  is  above  the  mouth  of  the  Kettle 
River.  Two  islands  from  1  mile  to  2  miles  long  divide  the  river  into  two  channels.  The  bed  of  the 
river  is  solid  rock  and  it  is  practical  to  build  several  dams.  Above  the  mouth  of  the  Kettle  Ri\'er  a 
head  of  10  feet  would  afford  1,280  theoretical  horsepower,  with  the  ordinary  low-water  flow,  and  below 
the  entrance  of  the  Kettle  River  1,737  theoretical  horsepower,  under  the  same  conditions  of  flow,  accord- 
ing to  the  OKtimates  previously  given. 

Above  the  mouth  oif  the  Snake  River,  which  enters  4)  miles  below  the  Kettle  River,  there  Is  11  leet 
of  fall  from  the  fopt  of  the  rapids.  Between  Snake  River  and  St.  Croix  rapids  are  the  following  rapids: 
The  Otter  Slide,  just  below  the  mouth  of  the  Snake,  the  ordinary  low-water  power  of  which,  under  a 
head  of  10  feet,  is  2,140  theoretical  horsepower;  the  Horse  Race,  1  mile  below;  the  Baltimore  rapids, a 
mile  l>elow  the  mouth  of  the  Wood  River,  the  ordinary  low-water  power  of  which,  under  a  head  of  10 
feet,  is  2.220  theoretical  horsepower;  the  Upper  Big  Rock  rapids,  about  1  mile  below  them;  and  the 
Yellow  Pine  rapids,  about  3  miles  above  the  mouth  of  the  Sunrise  River.  The  amount  of  fall  at  each 
of  these  rapids  can  not  be  determined  from  the  data  at  hand.  The  total  fall  from  the  mouth  of  Snake 
River  to  St.  Croix  rapids  is  1 11  feet  and  the  average  slope  is  2.64  feet  per  mile.  This  must  furmsh  <^por- 
tunities  to  develop  power  with  what  will  be  a  reasonable  expense  at  some  time  in  the  future. 
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TRIBUTARIES  OF  ST.  CROIX  RIVER. 


LENGTH   AND  DRAINAGE. 


The  length  and  drainage  area  of  the  principal  tributaries  of  St.  Croix  River,  including 
those  entering  from  the  western  (Minnesota)  side,  are  shown  in  the  following  table: 

Principal  trilmtaries  of  St.  Croix  River. 


River. 


Eau  Claire 

Namekagon 

Yellow 

Clam 

Kettle  (Minnesota) 
Snake  (Minnesota) . 

Wood 

Apple 

Willow 


Length  I 


.    (map 
meas- 
ure). 

Drainage 
area. 

MUes. 

Sq.  miles. 

25 

107 

85 

1,002 

60 

310 

50 

416 

70 

1,093 

78 

937 

30 

168 

55 

427 

35 

246 

YELLOW   RIVER. 

Yellow  River  rises  in  a  large  lake  called  Mud  Lake,  at  an  elevation  of  1,085  feet, a  and 
after  a  sinuous  course  of  50  mile^  joins  the  St.  Croix  at  a  point  only  half  this  distance 
from  the  source  and  at  an  elevation  of  888  feet.  This  gives  a  descent  of  197  feet,  an  aver- 
age of  nearly  4  feet  per  mile.  This  high  gradient  results  in  rapids  at  frequant  intervals 
throughout  its  entire  course.  The  slope  in  the  upper  third  of  its  length  is  about  120  feet. 
Here  springs  and  creeks  are  numerous.  The  river  is  known  to  have  a  remarkably  con- 
stant stage,  the  natural  rise  and  fall  during  the  year  varying  only  from  IJ  to  3 J  feet. 
This  fact  may  be  attributed  to  the  springs  and  to  the  regulating  effect  of  the  large  lakes, 
especially  Yellow  Lake,  through  which  it  flows.  "Its  valley  is  generally  narrow,  being 
from  200  to  800  feet  in  width,  although  in  some  places  it  widens  into  tamarack  marshes 
of  considerable  extent.  The  first  banks  have  a  general  elevation  of  15  feet  above  low 
water,  running  back  into  high,  broken  ridges,  covered  with  white  Norway  and  jack  pine. 
Little  stone  and  few  bowlders  are  found  until  reaching  the  rapids  below  Yellow  Lake, 
which  are  almost  continuous  to  the  mouth  of  the  stream. ''a 

Near  the  mouth  of  the  river  the  banks  are  high.  A  dam  could  be  built  in  sec.  27,  T. 
41  N.,  R.  16,  which  would  develop  a  head  of  25  feet  or  more  and  still  not  back  the  water 
up  to  the  Yellow  Lake  dam.  This  power  could  be  combined  in  the  same  plant  with  that 
furnished  by  Loon  Creek,  which  enters  Yellow  River  near  the  proposed  dam.  Loon 
Creek  is  said  to  descend  50  to  75  feet  in  a  distance  of  1 J  miles,  and  is  therefore  of  considerable 
importance.  A  dam  could  also  be  located  in  Yellow  River  about  a  mile  above  Yellow 
Lake,  which  would  develop  a  head  of  20  feet  by  overflowing  some  good  meadow  lands 
between  Yellow  and  Devils  lakes. 

a  Kept.  Chief  Eng.  U.  S.  Army,  1880. 
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The  following  profile  of  Yellow  River  suggests  the  possibility  of  developing  other  piowera 
on  this  river  because  of  its  high  gradient  in  ranges  14  and  13: 

Profile  of  Yellow  River  from  iis  mouth  to  Mud  Lake  dam. a 

1  Distance. 


No. 


Station. 


From 
mouth. 


Descent  be- 
Eleva-    I  twe<en  points. 

tion      ' 

Between      above  I 

points.   ;  sea  level.    Total. 


Per 

mile- 


Miles.        MQea. 


Mouth  of  river 

Yellow  Lake  dam 

SW.  J  sec.  2,  T.  39  N.,  R.  16  W 

Rice  Lake  dam  (S W.  \  hoc.  16.  T.  39,  N.,  R.  14  W) . 

8E.  i  sec.  25,  T.  39  N..  R.  14  W 

Sec.  31  (near  north  1  stake).  T.  39  N.,  R.  13  W.... 

8W.  J  sec.  32,  T.  39  N.,  R.  13  W 

Harts  (SE.  Jscc.5,  T.  38  N.,  R.  13) 

See.  36  (near  north-south  \  line),  T.  30  N.,  R. 
13  W 

Spooner 

Mud  Lake  dam  (above) 


I 


7.0 
15.0 
34.0 
39.5 
40.5 
41.5 
42.5 

47.5 
49.0 
52.0 


7.0 
&0 
19.0 
5.5 
1.0  I 
1.0 
LO 

5.0 
1.5 

3.0  I 


Feet.     [ 

888.0  I 

928.0 

938.4 

969.4 

994.4 

1,004.8 

1,011.6 

1,019.0 

1,046.8 
1,058.0 
1,065.0 


Feet. 


FeH. 


40.0 

ia4 

31.0 
25.0 

ia4 

6.8 
8.4 

27.8 

n.2 

27.0 


1.3 

1.6 

4.5 

ia4 

ft.S 

a4 

5,6 
7.5 
9.0 


a  Authority:  Nos.  1-9  and  11,  U.  S.  engineers;  10,  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Rwr. 
Important  logging  dams  are  described  by  United  States  engineers  as  follows: 
Logging  dams  on  Yellovy  River. 


Name. 


Location. 


Mud  Lake  dam Sec.  27,  T.  39  N.,  R.  12  W . . . 

Hector  dam \  Sec.  10,  T.  38  N.,  R.  13  W.... 

Rice  Lake  dam '  Sec.  20,  T.  39  N.,  R.  14  W... 

Yellow  Lake  dam Sec.  7,  T.  40  N.,  R.  16  W.... 


Head.        Capacity. 


Remarks. 


Feet. 
7.5 
7.5 
10.0 

18.0 


Cubic  feet. 

475,000,000 

Small  capacity. 

700,000,000     Head    could     be    In- 
I      creased  to  15  feet. 

1,400,000,000  {Raises  water  in  Yel- 
low Lake  3  feet. 


EAU   CLAIRE   BIVEB. 

Eau  Claire  River  has  its  source  in  lakes  of  the  same  name  at  an  elevation  of  1,122  feet  a 
above  sea  level.  The^e  lakes  are  surrounded  by  high  banks,  so  that  at  small  expense  a 
dam  could  be  constructed  at  their  outlet  and  made  to  store  surplus  waters,  thus  adding 
greatly  to  all  water  f>ower  on  the  river.  In  its  short  length  of  25  miles  this  river  descends 
118  feet,  including  several  rapids,  46  feet  of  this  descent  being  concentrated  in  the  first 
6  miles  below  Eau  Claire  Lakes.     The  total  drainage  area  of  the  river  is  107  square  miles. 

APPLE   RIVER. 

Apple  River,  like  the  Willow,  occupies  a  comparatively  well-settled  valley.  It  drains 
an  area  of  427  square  miles.  The  Wisconsin  Central,  the  Chicago,  St.  Paul,  Minneapolis 
and  Omaha,  and  the  Minneapolis,  St.  Paul  and  Sault  Ste.  Marie  railways  are  distitnt  1  to 
5  miles  from  the  river,  the  last-named  road  crossing  it  near  Amery.  The  river  has  its 
source  in  20  or  more  lakes,  the  largest  6  miles  long  and  one-half  to  three-fourths  of  a  mile 
wide.  These  lakes  tend  to  equalize  and  increase  the  summer  flow.  The  long  and  severe 
winters  cause  the  minimum  flow  during  the  months  of  January  and  February. 

Formerly  most  of  the  dams  on  Apple  River  were  used  in  connection  with  logging  opera- 
tions, but  the  timber  is  now  practically  all  cut.     Flouring  mills  have  been  maintained  at 


a  Rept.  Chief  Eng.  U.  S.  Army,  1883. 
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a  number  of  points,  and  at  others  the  power  is  used  for  electric  lighting.  There  are  several 
projects  at  the  present  time  whith  look  to  large  improvements  of  some  of  these  jwwers. 
The  river  in  the  first  and  last  thirds  of  its  course  runs  through  theCambrian  sandstone, 
while  its  middle  third  is  through  the  **  Lower  Magnesian"  limestone.  In  the  lower  third 
of  its  course  the  river  flows  over  a  rocky  bed  between  rocky  banks,  giving  ideal  conditions 
for  dams.  Most  of  the  larger  powers  occur  in  this  stretch,  and  some  of  these,  dtveloped 
and  undeveloped,  are  described  below: 

1.  The  first  power  on  the  river  is  an  undeveloped  one  located  about  li  miles  from  its 
mouth.     A  dam  at  this  point  would  give  a  head  of  15  feet. 

2.  The  second  power,  owned  by  the  St.  Croix  Power  Company,  is  located  about  2  miles 
from  the  mouth.  Here  a  concrete  dam  of  the  arch  type,  250  feet  long  and  47  feet  high, 
develops  a  head  of  82  feet. 

3.  Four  miles  from  the  mouth  is  a  gristmill  with  a  head  of  11  feet,  owned  by  E.  E.  Mason. 

4.  The  next  dam,  located  in  sec.  35,  T.  31  N.,  R.  19  W.,  develops  a  head  of  18  feet. 

5.  Another  dam,  located  in  sec.  31,  T.  31  N.,  R.  18  W.,  with  a  head  of  22  feet,  is  owned, 
under  the  name  of  the  Apple  River  Power  Company,  by  the  Western  Gas  and  Investment 
Company  of  Chicago,  which  also  owns  No.  4,  described  above. 

6.  A  dam  12  miles  above  the  mouth  of  Apple  River  gives  a  head  of  29  feet.  The  dis- 
charge at  this  point  is  about  80  per  cent  of  the  total  flow  measured  at  the  mouth.  This 
power  is  transmitted  electricall}'  to  New  Richmond,  where  it  is  used  by  mills  and  elevators. 

The  powers  on  Apple  River  of  less  imjwrtance  are  described  in  the  following  table: 

Minor  vxUer  'powers  on  Apple  River. 


Location. 


Owner  and  use. 


I 


Head. 


Above  mouth: 

13  miles H.  L.  Blxby,  flour. 

13J  miles M.  C.  Duggles  &  Jewett . 


Feet. 

n 


15 J  miles  (Star  Prairie) . . 

25i  miles 

Sec.  17,  T.  12.  N,  R.  13  W.... 
One-half  mile  above  last  site. 
Amery 


Blakes  Lake. 


ILL.  Blxby 

J.  C.  Schnyder,  flour 

Winger  &  Winger 

J.  Stucky ,  gristmill 

Northern  Supply  Co.,  ele- 
vators. 


Blake. 


Remarks. 


Developed. 
Undeveloped. 

Do. 
Developed. 

Do. 

Do. 

One-half  total  dis- 
charge devel- 
oped. 

Developed;  can  be 
made  18  feet. 


There  are  many  other  powers  above  Blakes  Lake,  with  heads  of  from  6  to  20  feet,  mostly 
old  logging  dams  in  poor  condition.  When  the  region  becomes  more  settled  some  of  these 
powers  will  be  improved. 

The  following  data  on  the  discharge  of  Apple  River  for  the  year  1903  are  furnished  by 
John  Pearson,  superintendent  of  the  St.  Croix  Power  Company,  Somerset,  Wis.  The 
computations  are  based  on  the  capacity  of  turbines  located  at  a  point  2  miles  from  the 
mouth  of  Apple  River.    The  average  daily  discharge  for  each  month  is  as  follows: 

Efttimated  daily  discharge  of  Apple  River  near  Somerset ^  Wis.,  for  190S. 


Month. 


January. 
February 
March... 
April.... 


charge,  i  Month. 

Sec. -feet. 

258      May 

239      June 

600      July 

555   I  August 


Dis- 
charge. 


Month. 


Sec-feet,  j 

860     September ' 

468      October 

492      November 

380  I,  December 


Dis- 
charge. 

Sec-feet. 
690 
660 
362 
324 
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WILLOW   RIVER. 

Willow  River,  one  of  the  smaller  tributaries  of  the  St.  Croix,  has  a  high  gradient,  due  to 
the  fact  that  its  bed  lies  in  the  "  Lower  Magnesian "  limestone  for  its  entire  length.  It 
drains  an  area  of  only  246  square  miles  and  has  a  length  of  about  35  miles.  In  the  lower 
two-thirds  of  this  distance,  between  Hudson  and  Jewett  Milk,  it  descends  213  feet,  giving 
many  opportunities  for  water  power.  Many  of  these  powers  are  improved,  as  the  river 
traverses  a  fairly  rich  and  well-settled  country  and  is  paralleled  for  a  considerable  distance 
either  by  the  Wisconsin  Central  or  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Railway. 
The  powers  are  here  briefly  described  in  order,  beginning  at  the  mouth: 

1.  A  timl)er  dam  at  Hudson  100  feet  long  gives  a  head  of  16  feet,  and  with  improved 
machinery  would  develop  117  horsepower  at  ordinary  low  water.  A  part  of  this  power  is 
used  occasionally  for  electric  light  when  the  power  described  as  No.  3  is  short  of  Water. 

2.  Two  miles  from  the  mouth  of  Willow  River  a  dam  formerly  developed  a  9-foot  head 
and  was  used  for  driving  a  flouring  mill.    At  present  thb  dam  is  washed  out. 

3.  The  130-foot  dam  of  the  Willow  River  Electric  Light  and  Power  plant,  3}  miles  from 
the  mouth  of  the  river,  gives  a  head  of  22  feet,  sufficient  to  develop  200  theoretical  horse- 
power at  ordinary  low-water  flow.  The  power  is  used  to  generate  electricity  for  lighting 
the  city  of  Hudson,  Wis.,  and  for  pumping  its  water  supply. 

4.  A  timber  dam  100  feet  long,  5i  miles  from  the  mouth  of  Willow  River,  gives  a  head 
of  24  feet,  sufficient  to  develop  about  125  horsepower.  This  power  is  used  for  a  flouring 
mill.  About  1,200  feet  below  this  dam  there- is  a  fall  of  about  47  feet,  and  at  this  point 
a  new  dam  could  be  erected,  which  could  be  made  to  include  the  24-foot  dam  above,  giving 
a  total  head  of  71  feet.  Such  a  dam  would  need  to  be  about  26  feet  high  and  about  70  or 
80  feet  long."  By  carrying  the  water  a  short  distance  below  in  a  penstock,  a  total  head 
of  105  feet  could  be  secured,  sufficient  to  develop  about  600  horsepower  at  ordinary  flow 
of  water.  This  site,  being  where  the  river  bed  changes  from  the  **  Lower  Magnesian'^ 
limestone  to  the  Cambrian  sandstone,  affords  ideal  conditions  for  a  dam.  The  town  of 
Burkhardt,  on  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Railway,  is  located  about 
a  mile  distant. 

5.  Seven  miles  from  the  mouth  of  Willow  River  a  100-foot  timber  dam  gives  a  head  of 
16  feet.    This  power  is  used  to  run  dynamos. 

6.  Rapids  occur  8}  miles  from  the  mouth  of  Willow  River.  A  dam  125  feet  long  at  this 
point,  located  at  comparatively  small  expense  in  a  narrow  limestone  gorge,  could  be  made 
to  develop  a  head  of  22  feet. 

7.  At  a  point  about  11  miles  from  the  mouth  of  Willow  River  the  Boardman  flouring 
mills  were  fornierly  located.  The  80-foot  timber  dam  at  this  point  was  washed  out  some 
time  ago,  but  the  mill  still  stands.  If  the  dam  were  replaced,  a  head  of  16  feet  or  more 
could  be  easily  developed.  All  the  above  powers  on  Willow  River  are  owned  by  C.  Burk- 
hardt, who  has  the  right  of  flowage  wherever  needed  along  this  stretch  of  11  miles,  giving 
an  aggregate  descent  of  nearly  200  feet. 

8.  The  next  power  on  Willow  River  is  located  at  New  Richmond.  A  timber  dam  40 
feet  long,  owned  by  the  New  Richmond  roller  mills,  develops  a  head  of  18  feet. 

9.  The  last  dam  on  this  stream  is  located  at  Jewett,  5  miles  east  of  New  Richmond. 
Power  alTorded  by  a  10-foot  head  is  owned  by  P.  Newell  &  Hennesey  and  used  in  a  feed 
mill  and  sawmill.    Above  this  point  Willow  River  is  too  small  for  water-power  use. 

CLAM    RIVER. 

Clam  River  drains  an  area  of  416  square  miles.  It  is  formed  by  two  branches — North 
Fork  and  South  Fork — which  unite  near  the  center  of  the  drainage  area  just  above  Clam 
Lake.  The  river  descends  alx>ut  350  feet  in  a  total  length  of  50  miles,  and,  as  much  of 
this  high  gradient  is  concentrated  at  rapids,  several  good  opportunities  are  offered  for 
development.  The  river  flows  through  a  comparatively  thinly  settled  region,  which  as 
yet  has  no  railroads.    Several  railroads,  however,  cross  the  maigins  of  the  drainage.     The 
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following  statements  regarding  its  principal  water  powers  are  based  on  information  given 
the  writer  by  Edward  L.  Feet,  editor  of  the  Journal,  Grantsbui^,  Burnett  County. 

A  large,  unimproved  water  power  exists  in  T.  40  N.,  near  the  line  between  Rs.  17  and  18 
W.  At  this  point  the  banks  of  Clam  River  are  80  to  150  feet  high,  and  the  land  which 
would  be  flooded  is  low  and  of  little  value.  Above  the  proposed  dam  the  valley  bottom 
will  average  half  a  mile  wide,  with  a  few  expansions  to  IJ  miles.  The  bed  of  the  river  is 
clay  and  bowlders,  mixed  with  sand.  Plenty  of  timber  for  the  construction  of  a  dam  grows 
in  the  swamps  close  at  hand.  Bowlders  are  also  abundant  at  the  dam  site.  The  levels 
taken  on  a  recent  survey, show  that  this  power  could  be  improved  in  the  following  ways: 
A  dam  6  rods  long  at  the  range  line  would  give  a  head  of  20  feet.  A  dam  10  rods  long 
built  farther  downstream  would  produce  a  head  of  35  feet.  By  adding  a  6-foot  embankment 
for  a  distance  of  20  rods  this  head  could  be  increased  to  28  feet;  or  a  dam  60  rods  long 
could  be  built  across  the  valley  with  an  average  height  of  40  feet  and  a  maximum  height 
of  85  feet.  If  the  water  were  conducted  by  canal  a  distance  of  about  a  mile  to  the  low- 
lands adjacent  to  St.  Croix  River,  turbines  could  be  installed  with  a  head  of  100  feet.  This 
dam  site  is  distant  only  3  miles  from  other  large,  undeveloped  powers  on  St.  Croix  and  Yel- 
low rivers,  with  which  it  could  be  easily  and  cheaply  connected  by  electric  transmission. 

About  half  a  mile  below  Clam  Lake  there  is  now  a  logging  dam  with  a  head  of  about  20  feet 
which  raises  the  water  in  the  lake  3  or  4  feet.  This  dam  impounds  the  water  from  a  drain- 
age area  of  283  square  miles.  United  States  engineers  reported  that  a  dam  would  need  to 
be  560  feet  long  at  this  point  to  produce  a  head  of  25  feet.  Such  a  dam  would  have  a 
capacity  of  4,670,786,000  cubic  feet,a  and  if  properly  regulated  could  be  made  to  greatly 
increase  the  amount  and  value  of  the  powers  below.  The  engineers  found  that  the  bed 
of  the  river  consisted  of  sand  from  3  to  20  feet,  at  which  depths  soundings  indicated  hard 
materials,  supposed  to  be  clay  and  gravel. 

Another  large  water  power  is  found  at  Clam  Falls,  in  sec.  13,  T.  37  N.,  R.  16  W.,  where 
the  river  falls  over  a  wide  ledge  of  the  **  Keweenawan  "  rocks.  A  dam  at  this  point  impounds 
the  drainage  from  an  area  of  45  square  miles  and  develops  a  head  of  34  feet.  Between 
Clam  Falls  and  Clam  Lake  the  slope  is  small  and  the  river  valley  half  a  mile  to  1}  miles 
wide.  The  river  profile  is  shown  in  the  following  table,  compiled  from  surveys  made  by 
United  States  engineers: 

Profile  of  Clam  River  from  its  mouth  to  Clam  Falls. 


Station. 


Mouth  of  river 

St.  Croix,  road  crossing 

Clam  Lake,  mouth 

Sec.  36,  T.  38  N.,  R.  16  W.,  south  line. 
Clam  Falls 


Distance. 


From 
mouth. 


Between 
points. 


Eleva- 
tion 
j    above 
sea  level. 


6.0 
19.0 
29.0 
32.5 


I 


Miles.    {    Miles. 


6.0 
13.0 
10.0 

3.5 


Feet. 

868 
881 
947 
967 


Descent  be- 
tween points. 


Total. 


Per 
mile. 


Feet.       Feet. 


13' 

66 

20 


2.2 
5.1 
2.0 


NAMEKAGON   AND  TOTOOATIC   RISERS. 


Namekagon  River  rises  in  a  large  lake  of  the  same  name  near  the  divide  in  the  water- 
sheds of  Chippewa  and  Bad  rivers.  Its  drainage  area  is  second  in  extent  of  all  the  St. 
Croix  tributaries.  Namekagon  Lake  is  formed  by  six  or  more  connected  lakes,  occupying 
parts  of  14  sections  and  surrounded  by  extensive  cedar  and  tamarack  marshes.  In  the 
upper  60  miles  of  its  course  the  river  is  generally  narrow  and  swift,  stretches  of  rapids  over 
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pre-Cambrian  cn'stalline  xx>ck  being  frequent  .a  There  are  also  several  vertical  falls  of 
2  to  4  (evi,  which,  togetlicr  with  the  rapids,  furnish  good  opportunities  for  water  powers. 
The  banks  arc  high  on  either  side,  stretching  away  into  high,  broken  ridges  and  sand  Imnvns 
covered  with  timl>er.  In  the  remaining  25  miles  of  its  length  the  river  is  from  100  to  200 
feet  wide.  In  this  reach  it  descends  130  feet,  including  several  sharp  pitches  and  rapids, 
th"  principal  of  which  are  Little  and  Big  Bull  rapids  and  Dupee  flats.  The  average  slope 
of  the  river  is  5.3  feet  per  mile. 

A  good  location  for  a  dam  is  found  4  miles  al)ove  the  mouth  of  the  river,  where  the  high 
gravel  banks  approach  within  600  feet.  A  head  of  20  feet  or  more  could  be  obtained  here 
without  overflowing  much  land,  impounding  the  drainage  from  1,000  square  miles.  With 
the  ordinary  low-water  flow  estimated  at  one-third  of  a  second-foot  per  square  mile,  this 
would  produce  740  theoretical  horsepower.  Because  of  the  storage  effect  of  the  prt'^ent 
dams  aljove  this  point,  the  river  at  this  site  might  be  made  to  produce  nearly  1,000  horse- 
power. Another  good  Iwmtion  for  a  dam  is  found  at  Veazie,  on  the  Chicago,  St.  Paul, 
Minnca[K)ILs  and  Omaha  Railway.  By  overflowing  6,000  acres,  mostly  railroad  and 
Government  land,  a  head  of  30  feet  could  Ih»  obtained,  according  to  United  State*  engi- 
neers. A  dam  of  15  feet  head  would  cause  little  overflow.  Such  a  dam  would  have  the 
nm-off  from  about  800  stjuare  miles  and  at  ordinary  low  wat«r  would  produce  275  theo- 
retical horse|x>wer.  Small  dams  are  located  at  Stinnett  and  at  the  outlet  of  Lake  Name- 
kiigon.  A  dam  owned  by  the  Harvard  Electric  Light  and  Power  Company,  located  near 
Ilayward,  develops  200  horsepower  and  is  used  for  light  and  power  purposes  in  that  city. 

Additional  information  regarding  undeveloped  powers  is  given  in  the  following  profile: 

Projile  of  Namekagon  River  from  its  mouth  to  CahU,  Wis.  a  ' 


Station. 


Mouth  of  river 

Sec.  33,  T.  43X.,  R.  14  \V.,  cast  side 

Totogatic  River,  mouth 

McKinzie  Creek,  mouth,  sec.  28.  T.  42  N.,  R.  13  W 
Stuntz  Brook,  mouth,  sec.  27,  T.  42  N..  R.  13  W.. 

N.  E.Jsec.  34.  T.  41  N.,  R.  13  \V 

NW.  }  sec.  fi.  T.  40  N..  R.  12  W 

See.  18,  T.  40  X.,  R.  12  W.,  near  center 

Sec.  39,  T.  40  N..  R.  12  W.,  near  center 

SW.  J  sec.  27.  T.  40  X.,  R.  12  W 

Veazie,  sec.  3<i.  T.  40  X.,  R.  12  W 

River  Jordan. mouth,  sec.  21,  T.  40  X.,  R.  11  W.. 
Spring  Brook,  mouth,  sec.  15.  T.  40  X.,  R.  11  W  . 
Chippenacia  Treek,  mouth,  sec.  33,  T.  40  X.,R.  10  AV 

Stinnett 

Lit  tie  Puckanance 

Cable.  Bayfield  County 


J_ 

a  .Vuthority:  Xos.  1-14.  and  Ifi,  l*.  S.  engineers; 
Railway. 


Distance. 


From 
mouth. 


Miles. 


Between 
points. 


MiUs, 


Descent  t»c- 
fcleya-      tween  points. 

tion 1 

above  p 

sea  level.    Total.      ^^^ 


4.0 
5.0 
13.0 
15.0 
16.0 
19.5 
21.5 
24.0 
25.5 
28.5 
35.5 
37.0 
43.0 
45.0 
59.0 
70.0 


4.0 
1.0 
8.0 
2.0 
1.0 
3.5 
2.0 
2.5 
1.5 
3.0 
7.0 
1.5 
6.0 
12.0 
14.0 
11.0 


Feet. 
±908.0 
917.8 

9iao 

944.0 

9.52.0 

958.0 

990.0 

1,004.5 

1,024.2 

1,025.2 

1,039.0 

1,058,0 

1,068.0 

1.115.0 

1,136.0 

1,218.0 

1,303.0 


Feet.    I    Feet, 


9.8 

.2 

26.0 

8.0 

6.0 
32.0 
14.5 
19.7 

1.0 
13.8 
19.0 
10.0 
47.0 
21,0 
82.0 
85.0 


2.4 
.2 
3-2 
4.0 
6.0 
9.0 
7  2 
7.9 
7 
i.« 
2  7 
6.6 
7.8 

las 

5.9 

7.7 


15  and  17,  Chicago,  St.  Paul,  Mimieapolis  and  Omaha 


In  its  length  of  55  miles,  Totogatic  River,  the  principal  tributary  of  the  Namekagon, 
descends  350  feet.  It  enters  the  main  stream  only  5  miles  above  its  mouth.  Tlie  region 
is  high  and  precipitous,  u-ith  frequent  ledges  of  pre-Cambrian  crystalline  rock  and  bowl- 
ders. As  a  result,  the  stream  forms  for  miles  a  series  of  rapids  with  many  vertical  falls  of 
10  feet  or  more.     Many  logging  dams  already  exist,  the  most  important  being  located 
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as  follows:  Sec.  13,  T.  42  N.,  R.  10  W.;  sec.  6,  T.  42  N.,  R.  10  W.;  and  sec.  12,  T.  43  N., 
R.  10  W.  A  good  site  for  a  dam  is  near  the  outlet  of  Gilmore  Lake,  in  sec.  9,  T.  42  N.,  R. 
12  W.;  and  another  in  sec.  12,  T.  42  N.,  R.  12  W.  The  following  profile  of  Totogatic 
River  is  compiled  from  surveys  made  by  United  States  engineers: 

Profile  of  Totogatic  River  from  its  mouth  to  NE.  i  sec.  15,  T.  J^  A'.,  R.  9  W. 


MINOR   STKKAMS. 

Osceola  Creek. — Emptying  into  St.  Croix  River  a  few  miles  south  of  Willow  River  is  a 
small  stream  known  as  Osceola  Creek.  In  the  city  of  Osceola,  near  its  mouth,  is  a  water 
IX)wer  with  a  head  of  90  feet,  owned  by  the  Osceola  Mill  and  Elevator  Company.  This 
dam  furnishes  the  power  to  run  a  mill  with  a  capacity  of  175  barrels  per  day.  One-fourth 
of  a  mile  above  is  another  dam  with  a  head  of  26  feet. 

Kinnikinnic  Rii^er.^A  small  river  emptying  into  St.  CVoix  River  only  5  miles  above  its 
mouth  bears  this  name.  Its  gradient  is  so  high  that  there  "are  a  number  of  good  sites  for 
water  powers.  The  descent  in  10  miles  is  190  feet.  The  following  is  a  tabulated  statement 
of  its  water  power: 

Water  powers  on  Kinnikinnic  River,  a 


No. 


Location. 


O  Aiier  and  uso. 


Head. 


I 


2  miles  from  mouth. . .    N.  Kohl, flouring  mill 

5  miles  from  mouth * 

7  miles  from  mouth. 

River  Falls:  i 

3  miles  below 

1  mile  below City  waterworks 

River  Falls do 

do Tieo.  Fortune. mill  and  elevator  I 

do Prairie  mill  and  elevator 

7  miles  above  River  j  Clapp's  mill 

Falls. 

\\ .  H.  Putnam ,  feed  and  flour . . 


Feet 
10 


Esti- 
mated 
horse- 
power. 


Remarks. 


eo 

140 
40 


South  Branch,  sec.  1 

T.  27  N.,  R.  19  W. 

1  mile  above  No.  10. 

Balsom  Lake 


14 

eo  ■ 

10 

50 

ao 

Timber  dam. 
Good  dam  location. 


Timber  dam, 9  by  120. 
Timlier  dam. 
Timber  dam.  4  by  210. 
Timber  dam,  12  by  180. 
Dam  out. 

Timber  dam,  2i\  by  114, 


I  Glass  Bros.,  manufacturers  . . 
I  J.  W.  Park,  lumber  and  flour. . 


a  Figures  are  low-water  estimates.    Nos.  1  and  5-12  developed;  2-4,  undeveloped. 
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LAKE  SUPERIOR  DRAINAGE  SYSTEM. 
TOPOGRAPHY. 

The  watershed  which  limits  the  area  of  Lake  Superior  drainage  in  Wisconsin  varies  in 
elevation  (above  the  level  of  Lake  Superior)  from  600  feet  near  the  Minnesota  line  to  over 
1,000  feet  near  the  Michigan  line.  Its  average  distance  from  Lake  Superior  is  only  30 
miles.  For  this  reason  the  rivers  are  comparatively  small;  but  owing  to  the  fact  that 
their  high  gradient,  600  to  1,000  feet,  is  lai^ely  concentrated  at  a  few  points,  they  offer 
many  opportunities  for  water-power  development.  From  a  point  near  the  center  of  the 
watershed  a  wide  and  nearly  flat  table-land,  of  which  Bayfield  Peninsula  and  the  Apostle 
Islands  form  the  northern  prolongation,  separates  the  drainage  into  eastern  and  western 
sections  of  nearly  equal  area.  In  both  of  these  sections  three  distinct  belts  of  topography 
are  usually  distinguished.  The  southernmost  belt  consists  of  a  plateau  in  large  part  covered 
wi.h  swamps  and  lakes  and  is  so  flat  that  in  many  cases  the  water  from  the  same  swamps 
and  lakes  may  flow  either  north  to  Lake  Superior  or  south  to  the  Mississippi. 

From  this  flat  watershed  the  descent  northward  is  gradual  until  a  range  of  mountains 
from  600  to  900  feet  above  the  level  of  Lake  Superior  is  reached.  The  northern  slope  of 
these  mountains  Ls  much  steeper  than  their  southern  slope,  forming  a  marked  though  not 
continuous  escarpment. 

In  the  western  section  these  mountains,  known  as  Douglas  Copper  Range,  reach  a  height 
of  400  to  600  feet  above  the  lake  and  have  a  width  of  1  to  4  miles.  They  extend  in  an  east- 
northeast  direction,  gradually  merging  into  the  Bayfield  moraine.  From  the  crest  of  the 
mountains  there  is  a  sudden  descent  of  300  to  400  feet,  caused  by  a  faulting  of  the  rocks. 
The  Lake  Superior  rivers  break  through  the  ridges  at  this  point,  and  here  the  greatest 
opportunities  for  water-power  development  are  to  be  found. 

In  the  eastern  section  the  mountains,  called  the  Penokee  Iron  Range,  extend  from  & 
point  on  the  Michigan  lx>undary,  12  miles  from  Lake  Superior,  in  a  southwesterly  direction 
for  about  35  miles,  gradually  merging  into  the  plateau.  As  in  the  western  sex^tion,  many 
falls  and  rapids  oicur  in  breaking  through  the  hard  *'Huronian''  rocJcs  of  which  the  range 
Is  composed.  Smaller  falls  cont inue  for  a  distance  of  5  to  6  miles  after  crossing  the  Penokee 
Range,  or  until  the  Copper  Range  has  been  crossed.  * 

To  the  north  of  the  highlands  and  extending  with  a  gradual  slope  northward  to  the  shores 
of  Lake  Superior  lies  a  plain  with  a  width  of  5  to  15  miles.  Its  northern  portion  reaches  an 
elevation  of  100  to  200  feet  above  Lake  Superior  or  700  to  800  feet  above  the  sea.  The 
ent  ire  belt  is  underlain  by  till  and  deep  layers  of  red  clays  sometimes  mixed  with  sand.  The 
rivers,  both  large  and  small,  have  cut  deep  and  narrow  banks  in  the  clay  sofl.  As  a  result 
the  surface  is  carved  in  ever}'  direction  by  narrow  water  courses  whose  steep  sides  have  a 
height  of  25  to  100  feet,  making  railroad  and  highway  construction  expensive.  Very  few 
swamps  are  found  in  this  lowland  area.  Because  of  the  gradual  slope  of  the  shallow  rivers 
opportunities  for  water-power  development  in  this  belt  are  rare.  In  many  cases,  however^ 
there  are  important  falls  at  the  immediate  mouths  of  the  rivers  and  over  the  red  sandstone. 

AVATER  POWERS. 

CHARACTER. 

Owing  to  the  fact  that  the  rivers  of  the  Lake  Superior  system  in  Wisconsin  have  a  total 
fall  of  400  to  1,000  feet  in  the  narrow  belt  of  30  miles  separating  the  plateau  region  in 
which  they  rise  from  Lake  Superior,  their  currents  are  characteristically  rapid.  As  a  result 
the  rainfall  is  quickly  discharged,  the  streams  alternating  between  small  creeks  and  torren- 
tial rivers.  While  the  storage  of  suf^us  waters  is  important  everywhere  in  the  State  for 
the  economical  development  of  water  power,  it  is  here  doubly  so.  The  fact  that  the  most 
important  falls  and  rapids  are  in  the  upper  half  of  the  drainage  area  increases  the  difficulty 
of  storing  a  large  proportion  of  the  rainfall.  With  a  storage  of  less  than  5  to  15  per  cent 
of  the  rainfall  most  of  the  rivers  would  furnish  at  low  water  an  insignificant  flow. 
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Rainfall  data  regarding  thus  drainage  area  are  scanty,  but  suflBcient  to  show  that  the  rain- 
fall increases  from  the  lake  to  the  highlands.  This  fact  is  strikingly  shown  by  the  precipi- 
tation f;iap  published  by  the  United  States  Weather  Bureau  and  shown  in  fig.  1  (p.  IG).  It 
is  here  seen  that  the  rainfall  increases  southward  at  the  average  rate  of  about  5  inches  every 
25  miles,  the  maximum  not  being  reached  until  after  the  highlands  are  passed.  This  fact 
has  an  important  bearing  on  the  value  of  the  water  powers,  because,  as  already  stated,  it 
necessitates  the  location  of  reservoirs  to  a  large  extent  in  this  region  of  greatest  rainfall. 
The  most  imp>ortant  water  powers  occur  near  the  Copper  ranges  and  the  Penokee  Iron 
Range,  where  future  mining  operations  may  render  them  of  much  economic  importance. 


ST.  LOriS    RIVER. 


Although  the  water  powers  of  St.  Ix)uis  River  lie  outside  the  State,  tb.ey  are  located  so 
near  the  Wisconsin  boundary  that  development  contemplates  their  extensive  use  in  Supc- 
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Fio.  5.— Plan  of  canal  of  Groat  Northern  Power  Company.  St.  Louis  River. 

rior  and  other  Wisconsin  cities.  An  important  feature  of  St.  Louis  River  is  the  concentra- 
tion of  its  descent  in  the  lower  reaches,  where  its  volume  is  greatest.  This  provides  oppor- 
tunities for  water  power  which  if  distributed  among  its  smaller  tributaries  would  be  in  large 
part  wasted.  The  upper  portions  of  St.  Louis  River  are  sluggish,  flowing  through  many 
lakes  and  swamps,  but  as  the  waters  near  the  lake  their  speed  is  increased  until  at  a  point 
about  22  miles  from  Lake  Superior,  just  above  Fond  du  Lac,  there  is  a  series  of  falls  and 
rapids  extending  6  miles  upstream  from  a  point  2  miles  from  the  Wisconsin  boundary.  In 
this  distance  of  6  miles  the  river  descends  456  feet  in  a  series  of  wild  leaps  over  the  upturned 
ledger  of  slate  rock,  forming  a  water  power  which  has  few  superiors  in  the  West.  This 
power  and  the  riparian  rights  are  owned  by  the  Great  Northern  Power  Company.     Mr. 
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F.  A.  Cokefair,  chief  engineer  of  th/corapany,  furnishes  the  following  statement  under  date 
of  January-  23,  1904: 

One  8tt>el  gravity  dam  3f»  feet  high  and  ft:0  feet  long  has  already  bwn  constructed  near  the  villagp  of 
Thompson.  This  dam  conserves  the  water  in  a  reservlor  of  al>out  1  square  mile  of  area,  from  which 
the  water  is  led  through  a  canal  2i  miles  long,  62  feet  wide,  and  15  feet  deep.  (Fig.  5.)  From  the  ter- 
minus of  the  canal  the  water  is  taken  by  iron  pipes  for  a  distance  of  about  a  mile  and  deliverMi  under  a 
head  of  365  feet  at  the  power  house  midway  between  Thompson  and  Fond  du  Lac.  The  capacity  of 
this  canal  Is  sufficient  to  develop  100,000  horsepower.  Final  plans  and  designs  are  now  completed,  and 
work  on  the  first  station  for  the  ultimate  development  of  100,000  horsepower  will  begin  in  the  early 
spring.  Bids  have  Iteen  askod  from  leading  manufacturers  for  the  first  three  wheels  of  12,500  horse- 
power capacity  each,  the  largest  units  ever  yet  built  and  similar  to  those  in  use  at  Niagara  Falls.  Trans- 
mission lines  will  carry  the  power  to  the  neighboring  cities  of  Duluth  and  Superior,  and  even  farther 
to  the  Mcsabi  and  other  iron  ranges,  where  it  will  augment  or  displace  steam  power. 

NBMADJI    AND   BLACK   RIVERS,  a 

Unlike  other  rivers  of  the  Lake  Superior  watershed,  Nemadji  River  flows  northeast 
instead  of  north  and  does  not  rise  in  an  elevated  region.  As  a  result  it  is  devoid  of  impor- 
tant rapids  or  falls  suitable  for  water  power. 

Black  River,  the  most  important  tributary  of  the  Nemadji,  rises  in  an  elevated  country, 
its  source  being  in  a  lake  on  the  Minnesota  boundary.  It  flows  north  and  empties  into 
Nemadji  River  about  10  miles  from  Lake  Superior  at  an  elevation  of  only  20  feet  above  the 
lake.  In  the  upper  two-thirds  of  its  length  Black  River  flows  through  many  tamarack  and 
cedar  swamps,  which  give  to  its  waters  a  distinct  color  and  taste.  Up  to  about  4  miles 
from  the  Douglas  Copper  Range  it  occupies  a  wide  valley  with  small  descent.  As  this 
range  is  approached  the  valley  narrows  and  its  gradient  increases.  In  the  SE.  \  sec.  28.  T. 
47  X.,  R.  14  W.  the  hard  layers  of  the  **Keweenawan"  rocks  cross  the  river,  producing  a 
vertical  fall  of  31  feet  A  total  head  of  160  feet  b  could  easily  be  obtained  here  for  a  dam 
site.  As  Black  River  has  a  drainage  area  of  80  square  miles  above  these  falls,  an  assumed 
run-olT  of  0.4  second-foot  per  square  mile  gives  560  theoretical  horsepower.  A  company 
was  formed  some  time  ago  to  improve  this  power,  and  a  franchise  was  secured  from  the  city 
of  Superior  for  lighting  by  electricity,  but  no  construction  has  yet  been  done.  The  water 
at  the  head  of  the  upper  rapids  is  387  feet  above  Lake  Superior;  at  their  foot,  50  yards 
l)eyond,  the  elevation  is  227  feet.  From  this  point  the  river  passes  for  nearly  a  mile  through 
a  gorge  100  to  170  feet  deep,  below  which  the  walls  of  the  goi^  are  less  elevated  above  the 
stream,  but  the  current  is  very  rapid  until  it  joins  Nemadji  River  4  miles  below.  From  the 
foot  of  Black  River  Falls  to  the  junction  with  the  Nemadji  the  total  descent  is  200  feet,  an 
average  of  50  feet  to  the  mile. 

BOIS   BRULE  RIVER. 

Though  over  33  miles  long,  Bois  JBrule  River  has  ai  drainage  area  of  only  200  square 
miles,  practically  all  of  which  is  in  the  highland  district.  It  rises  in  a  swamp,  near  St. 
Croix  Lake,  at  an  elevation  of  420  feet  above  the  level  of  Lake  Superior.  In  sec.  15,  T. 
46  N.,  R.  10  W.,  at  the  Dalles,  Bois  Brule  River  is  only  25  feet  wide,  with  banks  of  clay  and 
bowlders  averaging  8  feet  in  height.  Near  this  point  there  are  swift  rap  ds,  with  a  total 
descent  of  about  15  feet  in  200  yards.  Similar  rapids  about  3  miles  farther  north,  near  the 
township  line,  continue  as  far  as  the  mouth  of  Nebagemain  River,  the  most  important 
tributary  of  the  Bois  Brule,  in  sec.  27,  T.  47  N.,  R.  10  W.  For  the  next  10  or  12  miles 
the  current  is  very  sluggish  until  the  head  of  the  lower  rapids  is  reached,  in  sec.  26,  T.  48 
N.,  R.  10  W.  From  this  point  to  within  IJ  miles  of  Lake  Superior  rapids  and  small  falls 
(the  largest  l>eing  4  or  5  feet  in  height)  occur  almost  continuously.  These  descend  an 
aggregate  of  200  feet  over  "Keweenawan"  eruptives  and  sandstones.  By  constructing 
dams  at  the  outlets  of  Lakes  Nebagemain  and  Minnesung  the  surplus  water  could  be  held 


a  The  authority  for  most  of  the  statements  concerning  the  Lake  Superior  rivers  is  Prof.  R.  D. 

•ving:  Geology  of  Wisconsin,  vol.  .3,  1880. 

6  Sweet,  E.T..aeoI.  Wisconsin,  vol.  3, 1880, p.  319. 
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back  and  used  at  times  of  low  water,  thus  adding  greatly  to  the  value  of  the  water  powers 
on  the  river.  At  present  there  are  no  dams.  Mr.  Howard  Thomas,  city  engineer  of  Supe- 
rior, Wis.,  states  that  the  normal  discharge  of  this  river  is  100  second-feet,  and  that  at  sev- 
eral points  heads  of  40  feet  could  be  obtained  by  dams  between  bluffs  or  with  dams  and 
flumes  along  the  banks.  Such  a  head  would  give  450  theoretical  horsepower.  Because  of 
its  comparatively  small  watershed  and  the  fact  that  the  river  is  fed  very  largely  by  springs 
it  is  not  subject  to  freshets. 

MONTREAL   AND  OOOOSHUNGUN   RIVERS. 

For  nearly  its  entire  length  Montreal  River  forms  a  part  of  the  Michigan- Wisconsin  bound- 
ary. It  rises  in  a  tangle  of  lakes  and  tamarack  swamps  near  the  boundary  line  at  an  ele- 
vation of  about  1,600  feet  above  sea  level,  or  1,000  feet  above  Lake  Superior.  Its  length 
is  50  miles,  the  highest  gradient  being  concentrated  in  the  last  quarter  of  this  distance. 
This  exception  to  the  general  rule  of  the  Lake  Superior  drainage  area  is  due  to  the  fact 
that  here  the  Penokee  Iron  Range  and  its  associated  highlands  of  the  *'  Keweenawan  "  series 
approach  Lake  Superior  within  a  distance  of  only  3  miles,  leaving  no  lowland  region. 

About  1,300  feet  from  its  mouth,  on  the  north  line  of  sec.  7,  T.  47  N.,  R.  1  E.,  is  a  verti- 
cal fall  of  35  feet  over  sandstone.  It  is  stated  by  an  officer  of  the  Duluth,  South  Shore 
and  Atlantic  Railway  that  a  head  of  55  feet  could  be  developed  here  by  constructing  a 
flume  100  feet  long.  Because  of  the  lakes  and  swamps  at  the  headwaters  of  this  river  it  is 
likely  that  at  least  5  per  cent  of  the  annual  rainfall  could  be  stored  in  reservoirs.  This 
would  give,  from  its  280  square  miles  of  drainage  area,  an  ordinary  flow  of  140  second-feet, 
equivalent,  with  a  head  of  55  feet,  to  868  theoretical  horsepower.  In  the  last  five-eighths 
of  a  mile  of  its  course  Montreal  River  descends  90  feet.  The  railway  official  mentioned 
above  also  states  that  another  power  site  is  located  in  the  NW.  \  SW.  J  sec.  21,  T.  47  X., 
R.  1  E.,  at  falls  of  60  feet  over  the  crystalline  rocks.  As  the  banks  are  high,  a  20-foot 
dam,  with  a  flume  250  feet  long,  would  develop  a  head  of  80  feet.  Both  of  the  above  pow- 
ers are  within  4  miles  of  the  Duluth,  South  Shore  and  Atlantic  Railway.  At  Ironwood, 
about  2  miles  above  these  falls,  the  river  has  an  elevation  of  880  feet.  In  the  5  miles  above 
Ironwood  the  river  descends  only  30  feet,  and  for  the  remainder  of  its  upper  reaches  its 
current  is  slow.  At  all  the  rapids  on  this  river  the  conditions  are  favorable  for  the  build- 
ing of  dams. 

The  Gogoshungun,  a  branch  of  the  Montreal,  is  nearly  as  large  as  the  upper  Montreal, 
being  about  30  miles  long.  Its  total  descent  is  500  feet.  Until  the  river  reaches  the  Peno- 
kee Range  its  current  is  sluggish,  being  bordered  by  swamps.  In  its  passage  through  the 
mountains,  in  sec.  27,  T.  46  N.,  R.  2  E.,  a  number  of  rapids  and  falls  occur. 

BAD  RIVER. 
MAIN  RIVER. 

The  sources  of  Bad  River  lie  in  large  swamps  8  miles  south  of  the  Penokee  Iron  Range, 
at  an  elevation  of  900  feet  above  the  level  of  Lake  Superior.  In  this  distance  of  8  miles  its 
descent  is  110  feet,  but  its  course  is  sinuous,  as  may  be  inferred  from  the  fact  that  the  Wis- 
consin Central  Railway  is  forced  to  cross  it  eight  times.  About  IJ  miles  above  Mellen  are 
rapids  called  Copper  Falls,  which  have  a  total  descent  of  about  60  feet.  (PI.  V,  5.)  The 
river  at  this  point  has  a  drainage  area  of  about  144  square  miles.  According  to  a  survey, 
5  per  cent  of  the  annual  rainfall  could  be  easily  stored  in  dams  near  the  headwaters,  which 
should  provide  an  ordinary  flow  of  68  second-feet,  equivalent  to  460  theoretical  horse- 
power. 

Near  the  Penokee  Range  Bad  River  enters  a  gorge  of  pinkish  granite,  narrowing  in  places 
to  a  width  of  10  feet  and  descending  20  feet  in  30  rods,  with  a  total  descent  of  50  feet  in 
three-fourths  of  a  mile.  The  river  then  widens  and  continues  with  reduced  grade  until 
Penokee  Gap  is  reached,  when  it  again  contracts.  Coming  into  contact  with  the  "  fluro- 
nian  "  rocks,  it  flows  along  their  strike.     In  the  next  4  miles  occur  many  rapids  and  several 
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falls,  including  one  of  35  feet.  In  the  next  1,000  feet,  in  which  the  river  descends  40  feet, 
Tylers  Fork,  the  most  important  tributary,  is  reached.  Directly  at  the  junction  Tylers 
Fork  has  a  fall  of  45  feet  over  the  wall  of  a  gorge  65  feet  deep.  This  is  in  sec.  17,  T.  45  N.. 
R.  2  W.-  A  competent  engineer,  reporting  on  this  water  power,  states  that  dams  could 
develop  here  a  head  of  about  120  feet.  The  tributary  drainage  area  is  given  at  234  square 
miles.  On  the  assumption  that  the  rainfall  is  only  32  inches  and  that  reservoirs  can  lie 
made  to  store  15  per  cent  of  the  rainfall,  it  was  estimated  that  the  river  would  furnish  a 
continuous  flow  of  206  second-feet,  equivalent  to  about  3,000  theoretical  horsepower.  It 
was  proposed  to  conduct  this  power  electrically  to  Ashland. 

In  the  next  1,000  feet  l>elow  Tylers  Fork  the  river  flows  through  a  rocky  gorge  100  feet 
deep,  Wyond  which  the  rocks  disappear  and  the  stream  flows  between  high  banks  of  red 
clay,  the  ground  rising  rapidly  on  both  sides.  The  total  descent  in  sec.  17  is  probably  135 
feet.  In  the  next  6  miles  of  its  sinuous  course,  to  the  mouth  of  Maringouin  River,  the 
river  descends  about  30  feet  to  the  mile.  Both  rivers  at  their  confluence  are  broad  and 
deep,  with  slow-moving,  muddy  currents  and  wide  bottom  lands — conditions  which  con- 
tinue to  the  mouth  of  Bad  River. 

Farther  north,  2}  miles  from  this  junction,  Bad  River  receives  the  waters  of  Potato 
River.  At  this  point  its  elevation  is  80  feet  above  the  level  of  Lake  Superior.  In  sec.  25, 
T.  47  X..  R.  3  W.,  occur  some  small  falls,  of  1  or  2  feet,  over  red  sandstone  and  shale,  which 
continue  for  perhaps  2  miles.  Below  these  falls  Bad  River  continues  sluggish,  deep,  and 
tortuous,  with  lx)ld  and  high  clay  banks,  until  White  River  is  reached.  For  the  remain- 
der of  its  course  the  river  finds  its  way  to  Lake  Superior  through  swamps. 

TRIBUTARIES. 

The  principal  tributaries  of  Bad  River,  named  in  order  from  its  mouth,  are  as  follows: 
White  River  entering  from  the  west;  Potato  River  from  the  east;  Maringouin  or  Mosquito 
River  from  the  west,  and  Tylers  Fork  from  the  east. 

White  Rhrr.—TWis  river,  the  largest  tributary  of  Bad  River,  has  a  total  length  of  about 
45  miles,  and  drains  an  area  of  400  square  miles.  It  rises  in  Long  Lake,  at  about  700  feet 
above  the  level  of  Lake  Superior.  Most  of  its  descent  is  concentrated  in  its  upper  waters, 
where  its  discharge  is  least.  It  pursues  a  general  northeasterly  ccmrse,  with  many  wind- 
ings through  high  and  steep  clay  banks,  like  those  described  on  Bad  River.  Its  only 
considerable  falls  are  in  sec.  6,  T.  46  N.,  R.  4  W.,  where  the  river  was  originally  obstructed 
by  the  edges  of  southward-dipping  rocks.  A  dam  with  a  20-foot  head  has  been  maintained 
here  for  several  years,  and  until  October,  1903,  furnished  the  power  to  run  a  paper  mill. 
At  that  time  the  mill  burned,  and  it  has  not  been  rebuilt.  It  4iad  turbines  rated  at  710 
horsepower.  The  owner,  George  Davidson,  reports  that  he  has  a  charter  for  a  dam  with 
30-foot  head,  to  l>e  located  about  1,300  feet  upstream.  The  main  dam  as  planned  would 
be  125  feet  long,  with  an  embankment  10  to  12  feet  high  and  900  feet  long.  Mr.  Davidson 
also  states  that  about  500  feet  below  the  present  dam  there  is  a  location  for  a  dam  with 
a  9-foot  head.  At  three  dam  sites  the  bed  of  the  river  is  in  sandstone  which  extends  10 
feet  above  the  water  surface.     The  rock  is  overlain  with  red  clay. 

Maringouin  Rix-er, — Maringouin  River,  sometimes  also  called  Maringo  (Mosquito)  River, 
has  a  total  length  of  about  40  miles  and  drains  an  area  of  231  square  miles.  Four  miles 
from  its  source  it  crosses  the  Penokee  Range.  Here,  in  the  NW.  J  sec.  23,  T.  44  N.,  R. 
5  W.,  the  river  descends,  in  a  series  of  three  falls,  a  total  distance  of  65  feet  within  a  few 
rods.  The  two  upper  falls,  of  15  and  25  feet,  respectively,  are  only  50  feet  apart.  Nothing 
but  the  limited  amount  of  water  prevents  this  from  being  a  valuable  water  power.  For 
the  remainder  of  its  course  the  river  is  devoid  of  falls  or  rapids,  flowing  between  high  clay 
banks. 

Within  6  miles  of  its  junction  with  Bad  River,  the  Maringouin  receives  several  rajrid 
tributaries,  the  most  important  of  which  is  Brunsweiler  Creek.  This  creek  rises  in  the 
same  swamp  with  Maringouin  River,  but,  unlike  it,  has  important  falls  north  of  the 
"Uuroman"  hills.     Until  Bladder  Lake  is  passed  in  sec.  11,  T.  44  N.,  R.  4  W.,  the  cur- 
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rent  is  sluggish.  The  outlet  of  this  lake  is  only  6  feet  wide,  \i'ith  rock  walls  on  either  side. 
A  dam  which  would  greatly  raise  the  water  in  the  lake  could  be  constnic4:ed  here  at  slight 
expense.  At  the  outlet  of  the  lake  there  is  a  long  series  of  chutes  and  rapids  for  a  dis- 
tance of  over  6  miles.  In  this  stretch  the  creek  flows  through  a  narrow  valley  with  steep, 
rocky  hills.  The  last  important  descent  occurs  near  the  north  line  of  sec.  22,  T.  45  N., 
R.  4  E.,  where  the  stream  leaves  the  Copper  Range,  the  slope  being  30  feet  in  a  distance 
of  130  feet. 

Tylers  ForJc. — This  tributary  is  the  only  one  which  joins  Bad  River  Wfore  the  lowlands 
are  reached.  Tylers  Fork,  nevertheless,  has  a  length  of  30  iniles  and  a  total  descent  of 
700  feet.  Until  it  reaches  the  I-enokee  Range  its  current  is  sluggish.  In  the  NE.  J  sec. 
33,  T.  45  N.,  R.  1  W.,  the  river  falls  20  feet  over  the  hard  ''Huronian"  rock.  Less  than  a 
mile  farther  on,  in  sec.  28,  occurs  a  series  of  low  falls  over  black  slate,  the  descent  being  20 
feet  in  a  distance  of  500  feet.  On  the  north  line  of  sec.  20  the  river  surface  is  760  feet 
above  the  level  of  Lake  Superior.  In  the  next  10  miles  of  its  course  it  descends  260  feet, 
but  without  any  considerable  rapids.  On  the  west  line  of  sec.  15,  T.  45  N.,  R.  2  W.,  the 
elevation  of  the  water  is  485  feet.  The  current  now  becomes  swifter  and  about  a  quarter 
of  a  mile  below  the  east  line  of  sec.  16  is  a  series  of  rapids  which  continues  to  its  junction 
with  Bad  River,  ending  in  the  45-foot  fall  already  described  (p.  — ).  As  these  falls  and 
rapids  are  within  a  mile  of  the  Wisconsin  Central  Railway,  they  seem  destined  to  become 
of  some  economic  importance. 

Potato  River. — In  its  course  of  only  30  miles,  Potato  River  has  a  total  descent  of  over 
900  feet.  The  river  is  small  until  it  is  joined  in  sec.  15,  T.  46  N.,  R.  1  W.,  by  Little  Potato 
River.  From  this  confluence  a  course  nearly  due  west  for  12  miles  takes  it  t<)  Bad  River. 
Near  the  east  line  of  sec.  17,  T.  46  N.,  R.  1  W.,  at  428  feet  above  the  level  of  Lake  Superior, 
is  a  series  of  rapids  followed  by  a  series  of  cataracts.  These  rapids  begin  on  the  east  line 
SE.  J  SW.  1  sec.  17,  T.  46  N.,  R.  1  W.,  and  are  in  the  trap  rock.  In  the  next  quarter  mile 
abrupt  descents  of  10,  4,  and  40  feet  occur,  with  swift  water  between.  A  still  larger  fall 
of  60  feet  or  more  is  located  near  the  west  line  of  sec.  17,  and  as  the  banks  are  high  and 
precipitous,  a  suitable  dam  would  develop  a  head  of  nearly  or  quite  100  feet.  On  both 
sides  of  the  west  line  of  sec.  17,  about  2,000  feet  north  of  the  southwest  comer,  is  a  series 
of  bold  falls  having  a  total  descent  of  80  feet  in  a  distance  of  500  feet,  with  two  leaps  of 
25  feet  and  32  feet,  respectively.  The  total  fall  in  sees.  17  and  18  is  170  feet.  These 
falls,  being  over  solid  rock  of  conglomerate  and  sandstone,  furnish  ideal  conditions  for 
dams.     Below  sec.  18  the  river  course  is  tortuous  and  slow. 

MINOR   RIVERS. 

Aminicon,  Middle,  Poplar,  and  Iron  rivers  are  small  streams  in  Douglas  County  They 
are  all  swift  streams  with  many  small  falls,  but  are  subject  to  great  variations  of  flow, 
being  insignificant  at  low  water.  A  corporation  known  as  the  Iron  River  Water,  Light 
and  Power  Company  has  recently  constructed  a  dam  135  feet  long,  with  a  head  of  32  feet, 
on  Iron  River,  in  sec.  22,  T.  47  N.,  R.  10  W.,  the  intention  being  to  install  turbines  of  1,000 
horsepower,  which  will  be  transmitted  to  near-by  towns. 

RAILROADS. 

All  the  falls  which  occur  near  the  Penokee  Range  on  Bad  River  and  Tylers  Fork  are 
near  the  Wisconsin  Central  Railway.  Montreal  and  White  rivers  are  crossed  by  the 
Duluth,  South  Shore  and  Atlantic,  the  Chicago  and  Northwestern,  and  the  Wisconsin 
Central  railways.  The  western  half  of  the  Lake  Superior  watershed  has  good  transporta- 
tion facilities.  Branches  of  the  Great  Northern  Railway  cross  the  valley  of  Black  River 
and  follow  the  valley  of  Nemadji  River.  Besides  these  the  drainage  is  crossed  by  the 
Northern  Pacific,  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha,  and  the  Minneapolis, 
St.  Paul,  and  Sault  Ste.  Marie  railways,  and  by  minor  logging  roads. 
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precipitation  at 46 
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Baltimore  rapids,  water  power  at 124 
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Bear  Creek,  logging  dam  on 113 
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Big  Falls,  fall  at 107 

view  of 106 
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Big  Lake,  elevation  of 64 
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water  power  at 52 
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Boulder  Lake,  fall  at 107 
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Bruce,  fall  at 99 
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profile  of 55 
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Buffalo  Lake,  origin  of 19 
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Cable,  fallat 180 

Cambrian  sandstone,  occurrence  of 11, 
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Cedar  rapids  (Chippewa  River),  fall  nt 99 

water  power  at 104 
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water  power  at 114-115 
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Chalk  Hill  rapid.s.  water  power  at 53 

Chevalley  rapids,  fall  at 99 
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to  water  i>owerB  by. 42. 51, 57-5H,  106, 137 
CliicHifo,  Milwaukee  and  St.  Paul  Railway, 
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42.51.67,92,115 
ChicftKo.  St.  Paul.  Minneapolis  and  Omaha 
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Clam  Ijike.  fall  at 129 
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Combined  Locks  dam,  power  development  at       38 

view  of 38 

Conover,  elevation  at 82 

Copper  Falls,  fall  at 135 
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reservoir  si tes  on 91-92 

Douglas  Copper  Range,  location  and  char- 
acter of 132 

Downsville,  fail  at 114 

power  development  at 1 14-115 
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description  of 126 
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Embarrass,  power  development  at 62 
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Embarrass  River,  power  development  on . .        62 
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Esi'anaba,  precipitation  at 46 

tempi'rature  at 15 

Escanaba  River,  flow  of 44 
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Fish  Lake,  elevation  of 64 

Fiaher  River,  fall  at  mouth  of ^. .       99 

Flambeau  Lake,  logging  dam  on 113 

Flambeau  River,  character  of 105-106 

drainage  area  of 91,100.103,105 

fall  of 106 

fall  at  mouth  of ; 99 

water  iK)wer  at 103 

falls  on,  view  of 106 

power  development  on 106 

proflleof 106-107 

run-off  of 107-112 

source  of 43-44, 91 

tribularies  of 113 
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legal  status  of  water  powers  on 33-34 
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water  powers  on 20-21 
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Galena  limestone,  occurrence  of 21 
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Geology,  account  of 10-11 
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Glidden  Station,  fall  at 100 

Qogoshungun  River,  water  power  on 135 
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Grand  Rapids  fall  at 66 

power  development  at 77-78 
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Jump  River,  damson 116  { 
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Liiurentian  r<K"ks,  occurrence  of 10 

Li\wrence,  power  development  at 21 
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figure  showing 41 
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Little  River,  power  development  on 21 
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Loams,  occurrence  and  character  of 13 

Logging,  cessation  of 12 
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Lowes  Creek,  dam  on 116 

Loweth  &  Wolf,  gaging  by 130 
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McKinzie  Creek,  fall  at  mouth  of 130 

Manchester,  power  development  at 21 
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logging  dams  on 113 

reservoir  site  on 91-92 
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Medicine  Lake,  elevation  of 64 
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power  development  at 34-35 
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Menominee  River,  character  of 61 
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Michigan^me  River,  drainage  area  of 42, 51 

source  and  character  of 42 

Middle  River,  description  of 137 

Milwaukee,  rainfall  at 19 
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Minneapolis,  St.  Paul  and  Sault  Ste.  Marie 
Railway,  access  to  water  powers 
by 61,106.115,126,187 
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Minne**ung  Lake,  water  power  at 134 

Moiitello,  power  development  at 20 

Montello  River,  character  of 20 

water  powers  on 20-21 

Montreal  River,  water  power  on 13ft 

Mootic  Lake,  fall  at 100 

reservoir  site  at 91-92 

Moose  River,  fall  at  mouth  of 119 
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Mud  Lake  (Fox  River),  origin  of 19 

Mud  Lake  (Wisconsin  River),  elevation  of       64 
Mud  Lake  (Yellow  River),  dam  at 1"26 

fall  at 126 

Nameka>fcn  Ulver,  dc>cr'ption  of 120-130 

drainage  area  of llh,125 
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fallatmoulh  of 119 

Nebagemain  Lake,  water  power  at 134-135 

Nebagemain  River,  rapid-^  at  mouth  of 134 
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I)Ower  development  at 34 
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Neenah  Creek,  power  development  on 21 

Neillsvllle,  flow  at 87-89 

water  power  at 90 
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power  development  at 77 

Nemadji  River,  character  of 134 

New  Greenwood  dam,  fall  at 86 

New  London,  precipitation  at 45 

New  Richmond,  water  r>ower  at 128 

Niagara  limestone,  occurrence  of 21 

Nigger  Island,  fall  at 67 
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si  te  on 91-92 

Northern  Pacific  Railroad,  access  to  water 

powers  by 126, 137 

Northport,  flow  at 61 

Norway,  Mich.,  fallat 43 
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Ocrmto,  precipitation  at 45 

O'onto  Falls,  power  development  at 68 
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profile  of 57 
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Omaha  bridge,  fall  at 114 

water  power  at 114 
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O'Neill  Creek,  mouth  of,  fall  at m 
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Otter  rapi<ls,  fall  at 67 

power  development  at 82 

I e«er>'oir  site  at 65 
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Otter  Slide  rapids,  water  power  at 124 

Oxford,  power  development  at 21 

P. 

Paint  Creek,  reservoir  site  on 91-92 

Paint  Creek  rapids,  water  power  at 101 

Paint  River,  drainage  area  of 60 

Pakwa wang  Lake,  fall  at 100 

reservoir  site  at 91-92 

Paleozoic  rocks,  occurrence  and  character 

of 10-11 

Pardeeville,  water  power  at 20 

Park  Falls,  fall  at 107 

power  development  at 106 

Partridge  Crop  Lake,  fall  at 100 

Peat,  occurrence  of 14 

Peet,  E.  L..  on  Clam  River 129 

Pelican  Lake,  dam  proposal  at 65 

elevation  of 64 

fallat 100 

Pelican  River,  dam  sites  on 83-84 

drainage  area  of 63, 83 

lakes  on 64 

Pemebon won  River,  drainage  area  of 51 

Pemena  dam  and  rapids,  fall  at 43 

power  site  and  dam  at 63 

Penokee  Iron  Rango,  location  and  charac- 
ter of  132 

Peshtigo  River,  chanicterof 56 

power  sites  and  dams  on 56-57 

precipitation  on 45 

profile  of 57 

Phlox,  power  development  at 62 

Pike  River,  dams  on 56 

drainage  area  of 51 

Pilla,  power  development  at 62 

Pine  Creek  (Chippewa   River  dra  nage), 

power  developments  on 117 

Pine  Creek  (Fox  River  drainage),  power  de- 
velopment on 21 

Pine  Creek  rapids,  fall  at 81 

water  power  at 81 

Pine  River,  power  development  at 21 

Pine  River,  character  of * 55 

dams  on 56 

drainage  area  of 51.55 

mouth  of,  fall  at 67 

source  of 43-44 

water  iH)wers  on 56 

Pine  River  rapids,  water  power  at 51 

Planting  Ground  Lake,  elevation  of 64 

Plover  River  (Chippewa  River  drainage), 

I>ower  development  on 117 

Plover  River  (Wisconsin  River  drainage) , 

drainage  area  of 63 

Pokegama  Lake,  dam  at 105 

Poplar  River,  description  of 136 

Port  Kdwards,  fallat 66 

power  development  at 77 

Portage,  fall  at 43 

precipitatit>n  at 46 

Potato  River,  water  power  on 137 

Potsdam  sandstone,  occurrence  «)f 11 

soil  from 13 

Poysippe,  power  development  al 21 

Prairie  rapids,  fallat 83 

Digitized  by  VjOOQIC 


144 


INDEX. 


Page. 

Trairle  River,  drainage  area  of 63, 84 

power  development  on W 

rrecipltation,  discussion  of 15, 45-4<>,  76 

map  showing 16 

variations  in,  at  Milwaukee,  chart  show- 
ing          18 

Prescott,  fall  at 119 

I*ri(le,  ('.  B.,  survey  by o4 

Prineettm,  power  development  at 21 

Pucka  way,  Lake,  origin  of 19 

Pnlcifer  dam,  water  power  at 58 

Q. 
Quinnesec  Falls.    .Sc<!  Big  Quinne^ec;  Little 
QuinncHCC. 

R. 

Railroads,  access  to  water  powers  by 13 

4'2, 51. 76, 90, 92, 105, 115, 126, 128, 135-137 

Rainbow  rapids,  water  power  at 82 

Rainfall.    .*vt  Precipitation. 

Rapide  Croche  dam.  fall  at 22,33 

flow  of  Fox  River  at 22-32 

gaging  station  at 22 

power  development  at '     40 

legal  complications  of 38, 40 

Rattlesnake  Creek,  i»ower  development  on.       62 

Red  Cedar  River,  dams  on 1 15 

drainage  area  of 100,  im,  113 

fall  of 113-114 

location  of 91 

power  development  on 114-115 

pmfilcof 113-114 

Red  River,  power  development  on 62 

Reeds  Landing,  fall  at 99 

Reservoirs,  cafmcily  of  proi)osed  sites  for. . .       13 

Rest  Lake,  fall  at 107 

Rhinelandcr,  dam  at 65 

dam  at,  fall  at 67 

power  development  at 82 

Rib  River,  drainage  area  of 6:i,83 

fall  at  mouth  of 66 

power  development  on 83 

Rice,  reservoir  site  at 65 

Rice  Lake,  fall  at 1*26 

logging  dam  at 126 

RljK)n,  power  development  at 21 

River  Falls,  water  powers  at 131 

Rock  Creek,  power  development  on 117 

Rocks,  pre-C^mbrian,  occurrence  of 10, 

54, 5»'s  59, 67, 77, 91, 130 

Ross  Ekidy  rapids,  water  power  at 90 

R(»thchilds.  fall  at 79 

water  power  at 79 

Round  Lake,  reservoir  site  at 91-92 

Rural,  power  development  at 62 

Rush  City,  fall  at 119 

S. 

St.  Croix  County,  soils  In 13 

St.  Croix  Falls,  fall  at 119 

St.  Croix  Lake,  fall  to 119 

flow  at 120-123 

St.  Croix  rapids,  water  power  at 124 

St.  Croix  River,  character  of 123-124 

drainage  area  of 12, 117-118 

fall  of 123 

profile  of 118-110 
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St.  Croix  River,  reservoir  sites  on 13 

rocks  on 119 

run-off  of 119-125 

temperature  on,  and  velocity  of,  rela- 
tions of IS 

topography  on 117-118 

tributaries  of 125-131 

water  powers  on 9, 123-124 

St.  Germain  Lakes,*dam  sites  at 64.  k3 

St.  Louis  River,  character  of 133 

water  power  of 133-134 

development  of,  figure  showing 1 3S 

St.  Paul.  Minn. .rainfall  at 19 

temperature  at 15 

6t .  Peter  sandstone,  occurrence  of 11 

Sand  Creek,  power  development  at 117 

Sand  Portage  rapids,  water  power  at 53-,M 

Sandy  soils  and  loams,  occurrence  and  char- 
acter of 13 

Sauk  City,  fall  at 66 

Saxeville,  power  development  at 21 

Scandinavia,  power  development  at 62 

Schappies  rapids,  fall  at 43 

water  power  at 54 

Schofield,  dam  site  at : 84 

Shantytown,  dam  at 117 

Shawano,  precipitation  at 45 

power  development  at 59 

Shawtown,  fall  at 99 

flow  at » 

Sherman,  power  development  at ffii 

Silver  Creek,  power  development  on 21 

Snake  River,  drainage  area  of 118, 125 

Snaptall  rapids,  fall  at 99 

water  power  at 104 

Soils,  character  of 13-14 

South  Centralia  dam,  fall  at 66 

Spooner,  fall  at 126 

Spring  Brook,  mouth  of,  fall  at 130 

Spring  Creek,  power  development  at 62 

Squaw  Lake,  reservoir  site  at 91-92 

Squirrel  Lake,  elevation  of 04 

reservoir  site  at 65 

Stevens  Point,  fall  at 66 

power  development  at 78 

Stiles,  fall  at 57 

power  development  at 57-58 

Stinnett,  fall  at 130 

Stone  Lake,  elevation  of 64 

Stuntz  Brook,  fall  at  mouth  of 130 

Sturgeon  Falls,  fall  at 43 

water  power  at 58 

Sturgeon  River,  drainage  area  of 51 

fallat 43 

Sugarcamp  Lakes,  reservoir  site  at 64-65 

Sunrise  River,  drainage  area  of ...  1 118 

fallat  mouth  of 119 

Surings,  fall  at 57 

Swamp  soils,  occurrence  and  character  of. .        14 

Swamps,  occurrence  of 12-13 

Sweet.  E.  T.,  on  Wisconsin  timber 14 

T. 

Temperature,  range  of 15 

Thomas,  Howard,  on  Bols  Brule  River 135 

Thornapple  River,  dam  on 105 

drainage  area  of 100 
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I'hree  Rolls,  dam  site  at H4 

Tiffany  Creek,  power  development  on 117 

Timber,  oceurrenee  and  character  of 14 

Tomahawk  dam,  fall  at 67 

water  power  at M,H3 

Tomahawk  Lake,  dam  at i"»5, 83 

elevation  of 64 

Tomahawk  River,  drainage  area  of •. ...  63,83 

lakes  on 64 

power  development  on 83 

Top<»graphy ,  character  of 12 

Torch  River,  dam  on 105 

Totogatic  River,  description  of 130-131 

fall  at  mouth  of 130 

profile  of 131 

Trade  River,  fall  at  mouth  of 1 19 

Trapp  Rapids,  water  power  at 80 

Trenton  limestone,  occurrence  of .  Jl,  21, 43, 54, 57 

Trout  River,  dam  on 113 

Turtle  River,  fall  at  mouth  of 107 

reservoir  site  on 91-92 

Twin  Falls,  fall  at 43 

water  power  at 51 

Twin  Island  Rapids,  water  i)Ower  at 54 

Twin  Lakes,  reservoir  site  at 64-65 

Tylers  Fork,  water  power  on 136-137 

U. 
I'nderhill,  fall  at 57 

United  States  Government,  dams  of 34-35, 

38, 40, 91-92 
Upper  Fox  River.    S<e  Fox  River,  Upper. 

V. 
Veazie,  water  power  at 130 


W. 

Wabena,  fall  at 57 

Warren,  G.  K.,  on  Fox  River 19-20 

Water  powers,  availability  of 9 

capacity  of 9 

development  of 9 

informatioiuon,  sources  of 9-10 

permanence  of 9 

Waumander,  power  development  at 21 

Waumander  Creek,  power  development  on.       21 

Waupaca,  power  development  at 62 

precipitation  at 45-16 

Waupaca  River,  powt  r  development  on 62 

Wausau,  fall  at 66 

power  development  at 79-80 

Wautoma,  power  development  at 21 

precipitation  at 46 

Wedges  Creek,  fall  at  mouth  of 86 

West  Branch  of  Chippewa  River,  dams  on.      10.S 

drainage  area  of 1(0,103, 104 

profile  of 100 

reservoir  sites  on 91-92 

water  power  on 104 

Westboro,  flam  at 116 

Westfield,  power  development  at 21 

Weyau we^A,  precipitation  at 45-46 

power  development  at 62 

Whirlpool  rapids,  fall  at 67 

water  power  at 81 
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White  rapids,  fall  at 43 

location  of 53 

water  i>ower  at 51 

White  River  (Fox  River  drainage^dcscTii)- 

tion  of. ... : 136 

power  development  on 136 

White   River    (Lake    Superior  drainage), 

character  of 20 

Willow  River,  drainage  area  of 118, 125, 128 

poM er  development  on 128 

Winnebago  Lake,  character  of 21 

location  of 19 

origin  of 19-21 

Winnebago  rapids,  fall  at 33 

Winneconne,  flow  at 60 

Wisconsin,  State  of,  power  development  by.       33 
Wisconsin  and  Michigan  Railroad,  access 

to  railroads  by 51 

Wisconsin  Central  Railway,  access  to  water 

powers  by 42, 

90, 92, 105, 115, 126, 128, 136-137 

Wisconsin-Fox  divide,  character  of ♦>3-64 

Wisconsin  River,  character  of 63 

dams  on 64-€5 

drainage  area  of 12, 63 

levees  on 63-64  • 

protile  of 65-67 

rainfall  on 67 

rapids  on,  view  of 80 

reservoir  sites  on 13, 65 

rocks  on 67 

run-ofT  of 67-76 

source  of 43-44 

tributaries  of 82-85 

water  powers  on 76-85 

acce««s  to 18 

value  of 9 

Wittenberg,  power  development  at 62 

Wolf  River,  character  of 5J 

flow  <»f 59 

precipitation  on 45-46 

profile  of 5J 

run-ofT  of 60-61 

tributaries  of 62 

water  jwwers  on (2 

Wood  River,  drainage  area  of 1  in,  125 

Y. 

Tellow  Lake,  dam  at,  fall  at 120 

Yellow  Pine  rapids,  water  power  at 121 

Yellow  River  (('hippewa  River  drainage). 

drainage  area  of 100, 1G3, 1 16 

fall  at  mouth  of 99,116 

Yellow  River  (St.  Croix  River  drainage). 

character  of 125 

drainage  area  of 1 18,  rj5 

fall  at  mouth  of 119 

logging  dams  on 126 

profile  of i:0 

water  power  on 1l5 

Yellow  River  (Wisconsin  River  drainage), 

drainage  area  of 03,83 

fall  at  mouth  of 99 

water  power  on 116 
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CLASSIFICATION  OF  THE  PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Water-Supply  Paper  No.  156.] 

The  publications  of  the  I'niteil  States  (ieological  Survey  consist  of  (1)  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Pai)ers,  (4)  Bulletins,  (5)  Mineral  Re- 
sources, (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States,  folios  and  sejiarate  sheets  thereof,  (8)  (Geologic  Atlas  of  Tnitecl  States,  folios 
thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the  others 
are  distributed  free.     A  circular  giving  complete  lists  may  be  had  on  application. 

Most  of  the  above  publications  maybe  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  numl)er  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtaineii,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  numl>er  are  delivered  to  Senators  and  Representatives  in  Congress, 
for  distribution. 

3.  Other  copies  are  deposited  with  the  Sui)erintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  l)e  had  at  practically  cost. 

4.  Copies  of  all  Government  publications  are  furnisheil  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
sulted by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  numl)er  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology-;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  QuaHty  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 
This  paf)er  is  the  eleventh  in  Series  N,^the  complete  list  of  which  follows 
( WS = Water-supply  Paper ) : 

Series  N— Water  Power. 

WS   24.  WaUT  resources  of  the  State  of  New  York.  Pt.  I,  by  O.  W.  Rafter.    1H99.    92  pp.,  13  pis. 

WS   25.  Water  rew>urce.M  of  the  State  of  New  York.  Pt.  11,  by  (i.  W.  Rafter.    1899.    100-200  pp.,  12  pis. 

WS   44.  Profiles  of  rivers,  by  Henry  Gannett.    1901.    100  pp..  11  pis. 

WS   62.  Hydrof^raphy  of  the  Southern  Appalachian  Mountain  region,  Pt.  I.  by  H.  \.  Pressey.    1902. 

95  pp.,  25  pis. 
WS   63.  Hydrography  of  the  Southern  Appalachian  Mountain  region.  Pt.  II,  by  H.  A.  Pressey.    1902. 

96-190  pp.,  26-44  pis. 
W^   69.  Water  powers  of  the  State  of  Maine,  by  H.  A.  Pressey.    1902.    124  pp.,  14  pis. 
WS  105.  Water  powers  of  Texas,  by  T.  V.  Taylor.    1904.    116  pp..  17  pis. 
WS  107.  Water  powers  of  Alabama  with  an  appendix  on  stream  measurements  in  Missis.sippi,  by  B.  M. 

Hall.    1904.    253  pp.,  9  pis. 
WS  109,  Hydrography  of  Susquehanna  River  drainage  basin,  by  J.  C.  Hoyt  and  R.  H.  Anderson. 

1905.    215  pp.    29  pis. 
WS  116.  River  surveys  and  profiles  made  in  1903.  by  W.  C.  Hall  and  J.  C.  Hoyt.    1905.    115  pp.,  4  pis. 
WS  156.  Water  powers  of  northern  Wisconsin,  by  L.  S.  Smith.    1906.    145  pp..  5  pis. 

Correspondence  should  be  a^idressed  to 

The  Director, 

United  States  Geological  Survey, 

Washington,  D.  C. 
June,  1906. 
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